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© Cyclic antiaggregatory peptides. 

© This invention relates to compounds of the for- 
mula: 




wherein: 

A is absent, Asn, Gin, Ala or Abu; 
H A is absent or a D- or L- amino acid chosen from 
^ Arg. HArg. (Me 2 )Arg, (Et2>Arg, Abu, Ala, Gly, His, 
^3 Lys, or an a-R substituted derivative thereof, Dtc, 

Tpr or Pro; 

B is a D- or L- amino acid chosen from Arg, HArg, 
^ NArg, (Me 2 )Arg, (EfeJArg, Lys or an ct-r' substituted 
^ derivative thereof; 

Q is absent or a D or L amino acid chosen from Tyr, 
@ (Alk)Tyr, Phe, (4W)Phe, HPhe, Phg, Pro, Trp, His, 
@3 Ser, (Alk)Ser, Thr, (Alk)Thr, (Alk)Cys, (Alk)Pen, Ala ; 
lyLQ val, Nva, Met, Leu, He, Nle or Nal, or an a-R 

substituted derivativ thereof; 

M is Gly or D or L Glu. Phe. Pro, Lys. Ser or, 



provided n is 1 , B-Gly-Glu-Q; 
or a pharmaceutical^ acceptable salt thereof; 
which are effective for inhibiting platelet aggregation, 
pharmaceutical compositions for effecting such activ- 
ity, a method for inhibiting platelet aggregation and 
clot formation in a mammal, and a method for inhib- 
iting reocclusion of a blood vessel following 
fibrinolytic therapy. 
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© Cyclic antiaggregatory peptides. 

© This invention relates to compounds of the formula: 



Z x-A'-A- (B-Giy-Asp-Q) n -M-Z 2 



wherein: 

Hi L^inTacid chosen from Arg. HArg. (Me^Arg. (Eta)Arg, Abu, AJa. G.y. His, Lys. or an „■ 



m 



(Me**. Thr. (AIMTOt. <Alk)Cye. <A*)PeA to Vel, Nvs, Met, Leu. lie. Nle 0, Nel. or en . R sec 

derivative thereof; - 
M is Gly or D or L Glu, Phe. Pro. Lys, Ser or. provided n is 1. B-Gly-Glu-Q; 

W is halogen or Alk; 
r' is Alk or PhCH 2 ; 
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co- 



or 



Z2 

-HN or 



R 9 



wherein Z, and Z 2 are linked via a covalent bond between U and L 2 ; or Z, and Z, are. taken together, a 

covalent bond between the amino terminal residue and the carboxy terminal res.due; 

L' and L 2 are -S- or -(CH2) P -; 

X is R4R5N or H; 

Yis H. CONRiR2 0r CO2R2; 

R, and R 2 are H. Alk or (CH 2 )pAr; 

R 3 and Ry are H, Alk. (CH2>pAr or taken together are -(CH 2 )« or -(CH 2 )s-. 

£ Is nZ RuCO. RuOCO. RuOWvJCO. R„NHCH(R„.)CO, R,,SCH(R,v)CO. R„SOa or R„SO; 
Rs is Alk. OAlk. halogen or X; 

R 7 is H, Alk, OAlk. halogen or Y; _ 
R 8 and Ry are H. Alk. (CH 2 ) p Ph. (CH 2 ) P Nph or taken together are -(CH 2 )»- or -(CH 2 )s-. 

R 9 is H, Alk or Y; 

a 1 " and R f A flr« H c,-*alkvl Ca-7Cvcloalkyl, Ar. Ar-Ci- 5 alkyl, Ar-Ca-zcycloalkyl; 

S'^7!l^S^ oS'ac two Chalky., trifluoromethyi. hydroxy. C-saikoxy or halogen 

groups; 
n is 1 or 2; 
q is 0 or 1 ; and 
p is 0, 1, 2 or 3; 

TeSod for inhibiting platelet aggregation and clot formation in a mammal, and a method for mh.brtmg 
reocclusion of a blood vessel following fibrinolytic therapy. 
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CYCLIC ANTIAGGREGATORY PEPTIDES 



Field of the Invention 



This invention relates to novel peptides which inhibit platelet aggregation, 
containing the peptides and methods of using the peptides. In particular, a method of using the peptides of 
this invention in combination with fibrinolytic agents is disclosed. 



Background of the Invention 



10 



A thrombus is the result of processes which initiate the coagulation cascade. It is composed of an 
aggregation of p.atelets enmeshed in a polymeric network of fibrin. This process ,s J™2^J£"J 
consequence of tissue injury and has the effect of slowing or preventing Wood flow ,n a vessaL Etiology. 
)S factors which are not directly related to tissue injury, such as atherosclerotic plaque, inflammation of he 
Sood vessels (phlebitis) and septicemia, may also initiate thrombus formation. In some instances, the 
Sa^oprS taSTof a thrombus, and subsequent decrease in blood flow, may have pathological 
conseauences. such as stroke, pulmonary embolism and heart disease. 

pSte play a major role in thrombus formation. Current antithrombotic therapy employs agents that 
■J^ST pCeShelia. cell arachidonate-prostag.andin system such as Pnft^""^ 
cydooxygenase inhibitors, thromboxane synthesis inhibitors and thromboxane '^jjj'j*^ 
anti-coagulants, such as heparin. These agents inhibit one or both of tao *«"^^ 
aaoreaation The primary phase, which is a response to chem.cal stimuli, such as AD P (ademm 
pSS-^agen, epinephrine or thrombin, causes initial activation ^J^^^^. 
a secondary phase, which is initiated by the platelets themselves, and ,s ^ (& ^l^ c ^^^ 9S 
fTxA 2 ) synthesis and the release of additional ADP from platelet storage granules. wh,ch further activates 



20 



25 



30 



35 



40 



'prostacyclin, also called prostaglandin l 2 (PGfe), and stable PG. 2 analogues inhibit both tt» primary and 
secondary phases of platelet aggregation However, use '°\^\^ 6 ^lm 
undesirable changes in blood pressure. See Aiken, et al. , Prostaglandins . 19. 629-43 (1980). 

<Sc«22E inhibitors and thromboxane synthetase inhibitors act to block the production of TxA^ 
TxA. anSS Wock the effects of TxA. by binding the TxA 2 receptor. These ^^^^ "J 
secondary stage of platelet activation. Use of cyclooxygenase inhibitors has been associated wrth ul- 
ceroaenesis and an adverse effect upon prostacyclin synthesis. 

SeSn ^events the activation of fibrinogen by thrombin and thereby prevents the ^activation of the 
GPIIb-ma receptor by thrombin. This inhibits only the primary phase of platelet aggregation and has httle 
effecTuoon activation of platelets by other means, such as collagen. ADP and ep.nephr.ne. 

CySZ^Z liters, prostaglandin analogues and heparin all inhibit platelet aggrega or , .ndirectiy 
bv inhibiting the primary or secondary phase of plateletffibrinogen activation. There .s therefore a need for 
^rZ^uTJoducte which Wock platelet aggregation directiy, whether it arises from the pnmary 

W ^£5^b£2°£ - mediated primarily through the GPUb-.Ua P^et receptor 
complex Von Wllebrand factor, a plasma protein, and fibrinogen are able to bind and crosshnk GPfib-IHa 
rSpSs on accent plateiets and thereby effect aggregation of platelets. Rbronectm. v-tronecfin and 
« ZSpondfn are prWeins which have also been demonstrated to bind to< PUb- ^r^oti^ ound 
in plasma and as a structural protein in the intracellular matrix. Bmdlng between the structural prote.ns and 
GPIlb-llla may function to cause platelets to adhere to damaged vessel walls. mathnrt<! 

ThriZrtance of the GP.lb-.lla receptor to platelet aggregation has been 
which mask the receptor. Thus. Coller et aL (Blood . 66. 1456-9 (1985)) have shown that ant.bod.es to th.s 

so complex inhibit platelet aggregation in dogs induced by ADP. saa uence 

Peptide fragments of human plasma fibronectin and synthetic peptides contajmng «? "g D 
which promote cell attachment and enhance phagocytosis are d.sclosed .n U S. ^f^.^^ 
4589881 US Patent4661 111 and U.S. Patent 4.614.517. Linear and cyclic peptides contaming an RQD 
sjuence h^ To be reported in WO 89/05150 (PCT US88/04403). Peptides which contem ar jRGD 
sequence have been reported to inhibit platelet aggregation. Nievelstein et ah (Jhnomb. and Hemostasia . 
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20 



25 



30 



58. 2133(1987)) have reported that -RGDS- peptides inhibit thrombin ™^™^J^ £££ 
olat lets to fibronectin. and may interact through the GPIIb-llla complex. U.S. Patent 4,683,29 d scloses 
'peptides ccntaining Arg and Lys'and an -RGD- sequence which inhibit 

inhibit platelet aggregation. A disadvantage of these peptides is their poor stability in plasma and »e.r tow 
potency EP 0 275 748 discloses linear tetra- to hexapeptides and cyclic hexa- to c^jMM 
toTe GPIIb-llla receptor and inhibit platelet aggregation. The cyclic peptides reported are formed * » 
SsSndfb ridge b^een two cysteinyl residues. Other linear and cyclic peptides, the disclosure of whK* 
Z t^^taZ by refeLce. are reported in EP-A 0 341 915. These cyciic structures compnse a 
disulfide rina formed by two sulfhydryl-bearing aliphatic amino acid residues. 

The £rt invention provides cyclic compounds in which the cyclic structure comprises a homodetic 
peptie wherein the ring is formed by a peptide bond, or a heterodetic peptide where.n the ring . tamed 
KTaiX sulfide* disulfide bridge. This invention further discloses cyclic compounds in ^ c he 
unit B-Gly-Asp-Q. as hereinafter defined in formula (I), is repeated more than once. C°n^c*o of such 
unusual ^g sttuctures surprisingly results in pharmacologically active compounds » ^J**" 
discovered ttiat neither a terminal amino group or a terminal carbonyl group is required for antiaggregatory 
SX^e compounds of this invention are further resistant to plasma proteases and show a se ecb^ * 
SbWon of binding to the fibrinogen receptor over other integnn receptors; such as *MnMbn o 
SSSn Thus, an advantage to the compounds of this invention is their ability to ,nh.b,t platelet 
aaoreaation without appreciably inhibiting the adhesion of platelets to other integnn receptors 

Recent Tdva^eT for treatment of occluded arteries and deep vein thrombose employ f.bnno^c 
agents to yi tn oTbi o emboli in order to reestablish or improve blood flow. Fibrinolytic agents such , as 
Sue SaSogen activator (tPA). urokinase (UK). pro-UrokinaseW 

mutants and derivatives thereof, are proteolytic enzymes which cause fibrin to be hydrolyzed at specific 
32T2d ^erebTSnem the fibrin network Their action in vivo is to proteolytically activate « 
He riood to formplasmin. which causes lysis of the florin dot. Lysis of fibrin into smaller peptide* has 
me effeS of solubLng the thrombus or embolus. A recurrent problem with such therapy, however. ,s the 
reocclusion of the blood vessel due to formation of a secondary thrombus. 
^ Z£ltaw « most common* o»= tor ****HU, now in a thromOoseo No* 

SK and tPA has been associated with platelet hyperaggregability. See Ohlstein. et al mom^ Res_ , 4 
as fi 987) Treatment with higher doses of tPA can be associated with systemic bleeding and is not 
SommS ZX^JL**. There is. therefore, a need for a method for preventing rethrom- 

b0S uf! SSeHa, No. 917.122 discioses TxA, antagonists for use , , a method Iter inhibiting 
reocclusion following reperfusion and for lowering the dose of tPA required for fibrinous. Ya^uda et | 
Sn Res 34 2 (1986)) have demonstrated that reocclusion by fibrin rich platelet hromb.. after 
£>h£i S ' wtih tPA may be inhibited by a murine monoclonal antibody to GPIIb-llla .n dogs. Th.s 
' Z^Zo^ '^VL for inhibJng reocclusion of a blood vessel by administering peptides 
which directly inhibit platelet aggregation. 

5 Summary of the Invention 

In one aspect this invention is a compound of the formula (I): 



50 



55 



r > 

Zx-A'-A- (B-Gly-Asp-Q) n -M-Z 2 
' (I) 



wher in: 

A is abs nt, Asn, Gin. Ala or Abu; 



4 



EP 0 425 212 A2 



A is absent or a D- or L- amino acid chosen from Arg. HArg. <Me 2 )Arg. (EfcJArg, Abu, Ala, Gly, His, Lys. or 
an a-n substituted derivative thereof, Dtc. Tpr or Pro; B ' c„hstituted 

B is a D- or L- amino acid chosen from Arg, HArg. NArg. (Me^Arg. (Efe)Arg. Lys or an a-R subsftuted 



. atSnTor To or L amino acid chosen from Tyr. (A,k)Tyr, Phe. (4'W)Phe, HPhe. Phg. Pro Trp. His. 
Ser Thr. (Atk)Thr. (Aik)Cys. <Alk)Pen. Ala, Vai. Nva. Met. Leu. He. Nle or Nal. or an a-R 

'substituted derivative thereof; 

M is Gly or D or L Glu, Phe, Pro. Lys, Ser or. provided n is 1 , B-Gly-Glu-Q; 
W is halogen or Aik; 
10 H is Aik or PhCH 2 ; 



15 



20 



*-c£ xcl -erf-. 



Zi is ^ "CO-, R e N ^ S CO , 

L 1 - , 



X' or 



10 ~^co. 



•L 2 ^ ' L 2 v t») - L 



*\ -HN^ R ' 

-HN or 



2 



22 is -HN 




7 



wherein Z, and Z 2 are .inked via a covaient bond between V and L*: or Z, and Z 2 are. taken together, a 
35 covaient bond between the amino terminal residue and the carboxy terminal res.due; 
L 1 and L 2 are -S- or -(CH 2 ) P -; 
X is R4.R5N or H; 
Y is H, CONR1R2 or CO2R2; 

R1 and R 2 are H, Aik or (CH 2 )pAr; . 
40 Rs and R 3 - are H, Aik. (CH 2 )pAr or taken together are -(CH 2 )*- or -(CH 2 )s-, 

% 'is RuZcO, RnOCO. RnOC^RuOCO. RiiNHCH(Rir)CO, RnSCH^CO, R„80> or RnSO; 
Re is Aik. OAlk. halogen or X; 

R 7 is H. Aik, OAlk. halogen or Y; #ph,v.. 
« R8 and Ra- are H, Aik. (CH 2 ) p Ph. (CH 2 ) p Nph or taken together are -(CH 2 )*- or -(CH 2 )s . 

R 9 is H, Aik or Y; 

a ° !fnH r A 'ia H C, salkvl C 3 -7cycloalkyl. Ar, Ar-C, -salkyl. Ar-C 3 -7Cycloalkyl; 

AHs Senvl b/one oTtwo C-salkyl. trifiuoromethyl, hydroxy. O-salkoxy or haiogen 

60 groups; 
n is 1 or 2; 
q is 0 or 1; and 
pis 0, 1, 2 or 3 



65 
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which comprises internally administering an effective amount of an compound of formula (0- 

in another aspect, this invention provides a method for inhibiting reocclusion of an artery ro ve n In a 
mammal following thrombolysis, which comprises internally administenng an effective^ amoun of a 
Si ^And a compound of formula (I). In combination with known fibnnoly1.cs sue* ^ 
SepXase (SK). urokinase (UK), pro-urokinase (pUK) and tissue plasminogen activator (tPA) and vanants 
nr mutants thereof these compounds are useful for inhibiting rethrombosis. 

TOstSon' TSo a Sharmaceufical composition for effecting thrombolysis and reperfusu.n and 
inhibZ r C c.usion in an artery or vein in a mammal, which comprises a fibrinolytic and a compound of 

^ritS^lST* in a method for effecting thrombolytic therapy, which comprise, in 
a container, a fibrinolytic and a compound of formula (I). 



Detailed Description of the Invention 



75 



This invention discloses cyclic peptide-like compounds comprising the ^^^^J^^ 
pounds of this invention inhibit platelet aggregation and are behoved to .nteract with the GPIIb-llla receptor 

and other adhesion proteins. , . ... 

20 The compounds of this invention are peptides of formula (I), as previously described. 

B is suitably Arg or HArg. or an «-R substituted derivative of Arg or HArg. B »s preferably MeArg. 
Preferably A is Dtc, Tpr or Pro, when A is Asn, Gin, Ala or Abu. 
Suitably Y is CONH 2 or C0 2 H. 

In one preferred subgeneric group of compounds L 1 and L 2 are each S. 
25 Suitably Z 2 is 



30 




3- R7 



or Pes. 

Suitably Z1 is 



«-cc 



40 



or Cys. 

Suitably Re and R7 are H. 
Suitably A is absent. 
Suitably A is Sar or is absent. 

in another preferred subgeneric group of compounds Z, and Z a are together a covalent bond. 
Suitably. A and A are absent, n is 2 and Z, and Z 2 are together a covalen bond. 
Q is suitably Ser. (Me)Ser. Thr. Tyr. Phe or Nal, when n is 2. Q is preferably Phe. 
In another subaeneric group of compounds L 1 and I? are each CH 2 . ..,,.„ ... mAajt 

SS dX in I foL.ae herein depicted with regard ^^ct^^Z 
50 to denote the amino group of these amino acids. In like manner, when used ™thCys-Y Pen-Y and APrnp- 
?. Y refers to 2 substituted carboxyl group of these amino acids, it will 

Z, are not an aryl moeity, they may have one or two chiral centers and that this invention includes eacn 
unique ZSJl compound which may be synthesized and resolved by conventional technique, 

WtTz, or Z 2 are phenyi, a mercapto or alkylene group is in the 1 position. ^SSTSS^ 
55 is in the 2 position, and they may be substituted in the 3. 4 or 5 position by P* or R, When Z, orZ ! are 
naphSy. the merckpto or Jkylen group may be in the 1 or 2 position the group bears an 
ortho orientation and they may be further substituted on any position of *e naphthyl ring^ ovf . |d|ne 
Het represents a substituted heterocycle. Representative heterocycles are pyndine. pyrrole, pyrrolidine. 

6 
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imidazole, triazole, thiophene, furan, and thiazote. Such heterocycles form a macrocyc to nng the 
peptide via two ortho situated substitute. For example, Z, is a heterocyclic «^ » 
Sched to the peptide through the carboxyl and to Z 2 via an ortho situated bridge as defined by L. 
S; z, may be a heterocyclic amine, which is attached to the peptide through the amine and to Z, via 

Ar as applfed herein means phenyl or phenyl substituted by one or two C^alkyl, tnfiuoromethyl, 

isosteric linkage. Examples of peptide isosteres are -NHCO. -CH-CH-, -CH 2 CH 2 -. -COCH 2 -. COO, 
-CHOHCH2-, -CH 2 NR*-, -CSNH- and -CH 2 S-. 

Specific compounds of this invention are: 
cyclo(S,S)-Mba-Arg-Gly-Asp-Cys-NH 2 ; 
N a -Ac-cyclo(S,S)-Cys-Arg-Gly-Asp-Man; 
15 cyclo(S,S)-Mba-MeArg-Qly-Asp-Man; 
cyclo(S,S)-Mba-lvleArg-Gly-Asp-Pcs-NH2; 
cydo-(S,S)-Mba-Sar-Arg-Gly-Asp-Man; 
cyclo-(S,S)-Mba-Sar«MeArg-Gly-Asp-Man; 
cyclo-(S,S)-Mba-Arg-Gly-Asp-Man; 
20 cyclo-(S,S)-Mba-D-MeArg-Gly-Asp-Man; 
cyclo-(S,S)-Mba-MeArg-Gly-Asp-N-Me-Man; 
N a Ac-cyclo-(S.S)-Cys-MeArg-Gly-Asp-(2R,3S)Pcs-NH 2 ; 
N a Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp(2R,3R)Pcs-NH 2 ; 
N w Ac-cyclo-(S,S)Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 ; 
25 N a Ac-cyclo-(S t S)-Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Pen-NH 2 ; 
N°Ac-cyc!o-(S,S) Cys-Arg-Gly-Asp-Ser-MeArg -Gly-Asp-Ser-Cys-NH 2 ; 
N B Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 ; 
N B Ac-cyclo-(S.S)-Cys-Arg-Gly-Asp-Ser-Lys-Gly-Glu-Ser-Cys-NH 2 ; 
cyclo-(1 a ,6>Gly-Arg-G1y-Asp-Ser-Glu-NH 2 ; 
30 cyclo(1 ",6 Y )-Gly-MeArg-Gly-Asp-Ser-Glu-NH 2 ; 
cyclo-(1,8)-Arg-Gly-Asp-Phe-Arg-Gly-Asp-Phe; 
cyclo-(l,8)-MeArg-Gly-Asp-Phe-Arg-Gly-Asp-Phe; 
cyclo-(1 ,1 0)-Pro-Arg-Gly-Asp-D-Phe-Pro-Arg-Gly-Asp-D-Phe; 
cyclo-(1 ,6)-Gly-Pro-Arg-Gly-Asp-D-Pro; 
35 cyclo-(1 ,6)-Pro-Gly-Arg-Giy-Asp-D-Pro; 
cyclo-(1,6)-Gly-Arg-Gly-Asp-Ser-Pro; 
cyclo-(1 ,6)-Pro-Arg-Gly-Asp-Gly-D-Pro; 
cyclo-(1 ,6)-Pro-Arg-Gly-Asp-Gly-D-Phe; 
cyclo-(1,5)-D-Ala-Arg-Gly-Asp-Ser; 
40 cyclo-(1,5)-Ala-Arg-Gly-Asp-D-Ser;and 

cyclo-(1,3)-N°-[2-(2.(2-amido-pheny!)ethyl)benzoyl]-MeArg-GIy-Asp-am.de. 

Preferred compounds of this invention are: 
cyclo-(S,S)-Mba-MeArg-Gly-Asp-Man; 
cyclo-(S,S)-Mba-Sar-MeArg-Gly-Asp-Man; 
45 N a Ac-cyclo-(S,S)-Cys-MeArg-Gty-Asp-Pcs; and 
cyclo(1,8)-MeArg-Gly-Asp-Phe-Arg-Gly-Asp-Phe. 

The nomenclature commonly used in the art is used herein to describe the peptides. 
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Amino Acid 


3 letter 
code 


1 letter 
code 


Amino Acid 


3 letter 
code 


1 letter 
code 


Alanine 

Arginine 

Asparagine 

Aspartic Acid 

Cysteine 

Glutamine 

Glutamic Acid 

Glycine 

Histidine 

Isoleucine 


Ala 

Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Gly 

His 

lie 


A 
R 
N 
D 
C 
Q 
E 
G 
H 
I 


Leucine 

Lysine 

Metmonine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 


Leu 
Lys 
Met 
Phe 
Pro 
Ser 
Thr 
Trp 
Tyr 
Val 


L 

K 

M 

F 

P 

S 

T 

W 

Y 

V 


Asparagine or Aspartic Acid 




Asx 


B 


Glutamine or Glutamic Acid 




Glx 


Z 



In accordance with conventional representation, the amino terminus « .on the lettand 
terminus is on the right. Unless specified otherwise, all chiral amino acids AA) are assu^ to be^ the L 
?bsTute configuration Pen refers to L-penicillamine or p.fi dimethyl cysteine. APmp refers to 2-am.no-; £ 

acid. Dtc refers to 

JL<f tn thiazolidine-4-carboxylic acid, Mpa refers to 3-mercaptopropionic acid, Pmp refers to 
Z^Z^^opro^ acid. Mdp refers to ^^^^ <3R)Pcs 
for, to 3-ohenvl cvsteine racemic in the 3 position, (3S)Pcs refers to (2R.3S)-3-phenylcysteine. (3R)Pcs 
refer s ^ (2R 3 VSnyl ySeine. Man refers to 2-mercapto-ani.ine, Mba ^JTTT^ 
^Xg reSl ^J^. NArg refers to norarginine. (Me 2 )Arg refers to N N 
?Sa^ refers to n' N"-dietnyl arginine. Nva refers to norvaline. Nle refers to norleucne a-MeAsp refers to 
N^Xl aspa^ic acid. Nal refers 9 to beta-2-naphthyl alanine. Phg refers to 

LoZya.anine. Abu refers to 2-amlno butyric acid. Wy^efe's l^SX^S- 
*™ 4« nr .a!kvi-<5flrine fAIMThr refers to O-Ci -*alkyl-threonine, (Alk)Cys reTers ro o *«w 

cTreLTvXS 'KC refers to dioyclohexylcarbodiimide. DMAP refers to ™*tT3?^ 
nSSS to d^sopropy ethyl amine, EDC refers to N-ethyl-N (dimethylaminopropyl)carbodnm,de HOBT 
^T^SSSSS^ ™F refers to tetrahydrofuran. DMF refers to dimethyl formamkle PPA 
e2 o iXShosphonic acid cyc.ic anhydride. OPPA refers to +*«*»^> tS£to^S 
to benzotria20l-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate. HF refers to hydrofluonc ac.d 

~^££%£SZ> denote reagents which may be used to ^~^ s 
coupling reagente are carbodiimides, activated anhydrides and esters and acy halldes. Reagents such as 
edc ElCC DPPA PPA BOP reagent. HOBT. N-hydroxysuccinimide and oxallyl chlonde are typica . 

^TsuZmeTL^es of the amino acids of this invention, which may ■ b. ^ « <J£>£ 
indicate amino acids which are mono-substituted on the a-amino group by R . where .s Alk or benzyl 
S' fLf3ly methyl. N«-methyl arginine and N"-methyl glycine, which are (a-Me)Arg and (a-Me)G!y 
Lp^veTy l ^denoted herein as MeArg and Sar (sarcosine) in accordance w,th p* ^conven, ona. 
ZZTm other N-o-substituted amino acids will carry the designation a- In the.r ^Presentetionjhus 
amino acids which may be alkylated upon a mercaptan. guanidino or hydroxyl group such as Tyr J 3er Th . 
Zo™£ L distinguished by an absence of this designation. Thus. ^^^^^SS^- 
Ser is O-methyl serine. («-Me,Et)Ser is N-methyl. O-ethyl s nne and (a-Me.EfcJArg .s N methy N ,N 

' ^^Ses ar prepared preferably by the solid phase technique of Merrifi Id (J. Anr Chenr, Soc 
85 2M9 <iKT aTmoS Sn methods known to the art may be successfully emptoyed. A combmat,on 
of 'so SphS %Z2!L synthesis may be used, as in a convergent synthesis in wh.ch aV. tn, tetra, or 
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penta-pepfide fragments may be prepared by solid Phase ? n TZ^. 

known in the peptide art. For example, the BocCbz or ^^^^Z^ of the «-amino 
group, especially an -amino group. The Boc group .s ge 2. STcarbcwyl of Asp or 
group. A t-Bu. cHex or benzyl ester may be used for the P^TJ^^J™^^,* of cysteine. 
Glu. A benzyi group or suitably substituted benzyl J^«^*^S be u'sed for 
or other thiol containing residues; or the hydroxyl of flwnWno nitrogen of 

protection of the imidazolyl group of His, and tosyl or nrtro group '^^J for the hydroxyl group of 
P Arg. A suitably substituted carbobenzyioxy group or ^^^Z^Z^i^ 
Tyr, Ser or Thr, or the .amino gmup of ^^^^SX protecting groups is 

of the e-amino group of lysine. Suitable substrtutorn z £ ^ reactivity of the 

ortho and/or para substitution with chloro ^.J^^JiSd by formation of a 
protective group. Cysteine anc i other sulfur-conning "^JJ^^pEL groups are, most 
disulfide with a thioalkyl or thioaryl group^ ^J"***? LJ^ group s are removed by 
conveniently, those which are not removed by m.ld aod ^^^J^m^BZ known in the art. 
such methods as catalytic hydrogenation, sodium m ^ carboxy terminus 

I, soiid phase methods are used, the pept.de JSE-T? begun by covaiently 

and working toward the amino terminus ^J^ZZl^Tu* L a benzhydrylamihe resin 
attaching the C terminus of a protected ammo ac.d to a suitable resm sucn y 

Pr °rce~^^ lro m, (AA) has been M ISStf » * 

srrssx rs-rrc ~ errrrr — »• - - - 

acid halide. and treated with an alcohol, preferably ^^^^Lac of the side chain carboxyl 
Methods of producing Ctermina. esters of the ^^^^ ^ h the art of peptide 
45 group of aspartic acid are slightly more elaborate ^ but are ^™ n J° amino acid> or of a dipe p tid e, 
synthesis. For example, the syntheses .s begun v*h an ester aspartic acid residue. The 

and coupled via solution phase synthesis to an ' "PI«P™«J "* *JJ P ^0^1 resin (CMR). The 
side chain carboxy. group is then selectively 6 ^X£^£S^ Subsequent cleavage from the 

so satf. ssawSSr-« 

ffSLdn, e»< ««« m such . p™ ^SJTSSS ST»* 
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(such as for the hydroxyl. thiol or amino group) on the amino acid (or dipeptide) which is to be coupled to 
£ es%Z add prior to attachment to the resin, a t-buty. ester or other acid lab,.e W - 
n m t«r«nn the side-chain carboxyl of the aspartic acid. In this case the amino group of the aspartic acid is 
S b y 6 a bSS HZ ich as the fluorenylmethoxycarbonyl moiety (Fmoc). After solution phase 
1££X>Z** acfd to an aniline, amine or amino acid (or dipeptide), 

Si ester is accomplished by miid acid hydrolysis and the side chain carboxyl is coupled to the resin by 
fluorenylmethoxycarbonyl group is then removed by mild base for subsequent 
SrpS'pTptide Synthesis. Whe'n the terminal residue. Z, is a substituted or unsubstituted o-mercapto 
aryl amine, which bears no carboxyl substituent. this method is particularly effective. 

The preferred method for cleaving a peptide from the support resin Is to treat the resin supported 
oeotide with anhydrous HF in the presence of a suitable cation scavenger, such as anisole or ^ethoxy 
P b ene This method simultaneously removes al, protecting 

sulfur, and splits the peptide from the resin. Peptides hydrolyzed in this way from the CMR are carboxylic 
acids, those split from the BHA resin are obtained as carboxamides. ,. .. ... romno .. nds 

In one preferred subgeneric group of compounds, V is S and L* is S The cyclic disulfide compounds 
of formula (I) are produced from a corresponding linear peptide of formula(ll), 

S-T 1 S-T 2 

I I 

Zl-A' -A- (B-Gly-Asp-Q) n-M-Z 2 

(ID 

wherein A, A. B. Q. M, and n. are as defined hereinbefore for structure (I). 



30 

Zl 

.S- 

35 "* " . X or ^ ' C °" and Z 2 is 



40 



45 



-HN 




with any chemically reactive centers optionally protected as previously described J^"*™**? 
7 n 7. * substituted bv T 1 or T 2 . T and T 2 are displaceable groups such as a thioalkyl. thioaryl group. 
substitSed hydrogen. Examples of suitable displaceable groups are ^ C,^ 

JSSXSA SIuo. benzyl and the 4-methyl benzyl group. Preferably T1 and T2 are both 

" ^atiTo^^^ 
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of about 7 to 8 effects displacement of the thioethyl group and cyclization of the linear peptide. 
7 the corresponding linear peptide of formula (II) is completely deprotected and produced as a 

ro performed on the deprotected free peptide. mn 
Accordingly, this invention is also a process for preparing a compound of formula (III). 

f— ■ i 

Z i-A'-A- (B-Gly-Asp-Q) n-M-Z 2 



75 



20 



25 



30 



(III) 

wherein A . A. B, Q, M, Z, , Z 2 and n are as previously defined for formula (I), which comprises, 
a) oxidatively cyclizing a compound of the formula (II), 

S-T 1 S-T 2 

I I 

Z A ' -A- (B-Gly-Asp-Q) n-M-Z 2 

(ID 



wherein A A B, Q, M. Z, . Z 2 and n are as previously defined for formula (I), and V and T* are H. or 
A, B, Q, M and n 

cyclizing through either carboxyl group. separately purchased 

^aminophenyl)ethane are representative of Z,-* connected in an alkylene bridge. 
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Accordingly, this invention is also a process for preparing a compound of the formula: 



Z j-A'-A- (B-Gly-Asp-Q) n -M-Z 2 



(V) 

which comprises, 

i) cyclizing with a coupling reagent a compound of the formula: 
H-[Z 2 -Zi-A-A-{B-Gly-Asp-Q-) n -MhOH t 

when L 1 and L 2 are (CH 2 ) P ; or 

H-[A-A-(B-Gly-Asp-Q-) n -M]-OH 

when Zi and Z 2 are, together, a covalent bond; 

wherein H- and -OH represent the amino and carboxyl residues of any two adjacent residues r, Mto 
cyclic peptide, and A. A. B, Q, M and n are as defined above with any reactive groups optionally 
protected, and 

TSfiS SSUS. group o, the pepttde is accomp.ished by a,ky.a« on or Ration as 
is aeneralW known in the art. These modifications may be carried out upon the am.no acd poor to 
ZSS^STtm peptide, or upon the peptide after it has been synthesized and the term.nai ammo 
group liberated, but before the protecting groups have been removed. anhydride of 

Typically, acetylation is carried out upon the free amino group using the acy hal.de. or anhydride . ot 
the correTponding alkyl or aryl acid, in the presence of a tertiary amine. Mono-alkylation is earned out most 
S£Zffi££ 5— of the amino group with an appropriate aliphatic eidehyde or ketone m 
tte presence of a mild reducing agent, such as lithium or sodium cyanoborohydnde Delation may be 
carried by treating the amino group with an excess of an alkyl halide in the Presence o * bas* 

Solution symhesis of peptides is accomplished using conventional methods used to form amide bonds. 
Typical P^S famine acid which has a free carboxyl group is coupled to a protecte = ,ac.d 
whteh has a free amino group using a suitable carbodiimide coupling agent, sue .as* N 
carbodiimide (DCC). optionally in the presence of catalysts such as 1-hydroxybenzotnazole (HOBT) , and 
SXEmfno pyridine (DMAP). Other methods, such as the formation of activated esters, anhydndes or 
acid halides. of L free carboxyl of a protected Boc-amino acid, and subsequent reacfion^ wi*M toe free 
Tie of a protected amino acid, optionally in the presence of a base, are also suitable . For exampte. a 
orotected Boc-amino acid or peptide is treated in an anhydrous solvent, such as methylene chlonde or 
S5 IS in the presence of a base, such as N-methyl morpholine. DMAP or * 
witt, isobutyl cLoformate to form the "activated anhydride", which is suteequentty reacted w* the free 
amine of a second protected amino acid or peptide. The peptide formed by these methods may be 
Sected selectively, using conventional techniques, at the amino or carboxy term.nus and coupled to 
other peptides or amino acids using similar techniques. 

The o-R' substituted derivatives of the amino acids of this invention, wh.ch *^J*™f^«%* 
HAra (Me 2 )Arg (Efe)Arg. Ala. Gly. His. Abu. Tyr. (Alk)Tyr. Phe. (4 W)Phe. HPhe. Phg. Trp. H.s. Ser. (Alk)- 
sTtTZ*. C MAIk)6ys. y pen. (Alk)Pen. Ala. Val. Nva. Met. Leu. He N.e and Nal are . prepared by 
memods common to the chemica. art. The R substituent may be Aik. as hereinbefore defined or benzyl 
Reoresentative methods for preparing these derivatives are disclosed in U.S. Patent No. 4.687 .758. Cheung 
et a Sn 7chem 55. 906 (1977); Freidinger et al. . J. Org. Chem. . 48. 77. (1982); and Shuman et A 
piSde ^rLSs of the A American Peptide ^mg^ iehT D.. Gross, E.. Eds. P-erce Chemical 
Co Rockford. Ill- 6?7 (T98T).-which are incorporated herein by reference. Typically, a so.ut.on of the Cbz 
^Boc-amino acid in DMF/THF is condensed wrth an appropriate alky, hatide. such - 
iodide in the presence of a base, such as sodium hydride or potass.um hydride. Optionally, a crown ether 
sTch as l8-crown-6 with potassium hydride, may be added to facilitate the paction. Generally m M 
process and those that follow, if the amino acid bears a functional group such as a ^droxyl mercaptan 
amino, guanidino. indolyl or imidazoiyl group, these groups are protected as hereinbefore desenbed . Thw. 
Boc-Tyr(Bzl) is treated with sodium hydride and methyl iodide in THF/DMF solution at 0 C and stirred at 
room temperature for 24 hrs. to yield Boc-(a-Me)Tyr(Bzl). alHoh „ri« nuchas 

Alternately, the free amine of the amino acid is reacted with an appropriate aldehyde such as 
acetaldehyde or benzaldehyde. in the presence of a reducing agent, such as sod.um cyanoborohydride. to 
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effect mooo^ky.M.o. This ph>~ss Is esp.ors», rrssfrrl for rxeprrhhr, '2*.!^^, 
iLslrJehyrUm* sck> soUion 10 yieM (rf* ,Ms>Ah)(Tos>; snd 3.) Wssraling tto bsnzyl grow try 

appropriate cation; or with an appropriate organic amine. Cat-ons such asU + J Jj+JU. Ca + +. Mg 
and NH, + are specific examples of cations present in pharmaceutical* acceptable salts 

TOs invention provides an pharmaceutlcai composition which compnses a pept.de ^J 1 ***™"* 
(,) a^a phlaceu.cally acceptable carrier. Pharmaceutical ™^™«^$ZZ£Tv" 

SSI* £7y£l monsMM. or glyc«yl disteMs. star, or with . ws*. Th. rn^ta 

mmmwm 
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manner consistent with the condition of the patient. For acute therapy, parenteral administration is Purred- 
of hyperaggregability. an intravenous infusion of the peptide in 5% dextrose ,n water or 
normal saline is most eff ctive, although an intramuscular bolus injection may be sufficent. 

For chronic, but noncritical. states of platelet aggregability. oral admimstration of a capsule or tablet o 
6 a boS Lamuscular injection is suitable. The peptide is administered one to four times dally at a .eve. of 
Lout 4 to about 50 mg/kg. to achieve a total daily dose of about .4 to about 200 mg/kg/day. 

This invention further provides a method for inhibiting the reocclusion of an artery or vem following 
flbrinoWcTeC^n comprises Interna, administration of a peptide of formu.a (I) and a fibnnolytic 
ajent Ttm bSfcTnd that administration of an peptide in fibrinolytic therapy either prevents reocclus,on 

" ^L^oSVSS*. the term fibrinolytic agent is intended to mean any 
comooTd whether a natural or synthetic product, which directly or indirectly causes the lys.s of a fibrin 
doTXmino^ activators are a'wel. known group of fibrinolytic agents 'J^^^J^ 
include for example, anistreplase. urokinase (UK), pro-urokmase (pUK). streptokinase (SK). tissue p as 
Sooen activaT ftPA) and mutants, or variants, thereof, which retain plasminogen activator activity, such 
7ZnTltu 2? been chemically modeled or in which one or more amino acids have been adde* 
deleted or substituted or in which one or more or functional domains have been added, deleted °' altered 
suT as by combining the active site of one plasminogen activator with the fibrin b,nd.ng doma. .of anottw 
pSmCen activator or fibrin binding molecule. Other illustrative variants include tPA molecutes In 

Son. Fibrinolytic agents may be isolated from natural sources, but are commonly produced by 
traditional methods of genetic engineering. s - 

Useful formulations of tPA, SK, UK and pUK are disclosed ^for example m EP-A 0 21 1 » <"*j£ 
No 890432) German Patent Application No. 3032606, EP-A 0 092 182 and U.S. Patent 4.568.543. all of 
IcTwl^Z hereinTy reference. Typically the fibrinolytic agent may • * >J™*«™ 
aoueous buffered, isotonic solution, such as sodium or ammonium acetate or ad.pate buffered a pH 35 to 
TSti' nTeiipients such as polyvinyl pyrrolidone. gelatin, hydroxy cellulose ******** 
glycolmannitol and sodium chloride may also be added. Such a composAon can * voph '.zed 
9 The pharmaceutical composition may be formulated with both the peptide and fibrinolytic the same 
continer bTformulation in different containers is preferred. When both agents are provded m sohjtion 
STey c£ ^contained in an infusion/injection system for simultaneous adm,n,stration or .n a tandem 

SX2rw reocolosioo. Tl» rtecte dos. d o>A. SK. UK « pUK m a, be ttn. .5 to 5 ma/kg .no 
thP effective dose of the peptide may be from about .1 to 25 mg/kg. 

£^£Zn TadminisLion of the inhibitor and the fibrinolytic agent at the same or drfierent times . a 
, 5 kit i p r^Z ^comprising, in a single container, such as a box. carton or other container. "dMdurib^ 
hint IfsTottVeTconteiners each having an effective amount of the inhibitor for parenteral adm n stiat on. 

J^e, ^an^iSve amount of tPA. or other fibrinolytic agent, for parenteral admiration 
2 deSibed above Such kit can comprise, for example, both pharmaceutical agents in separate confamers 
S ^eSneroptionally as .yophHfced plU gs. and containers of solution i tar, 
so Lation of this is to include the solution for reconstitute and the lyoph.l.zed plug ,n two *ambe« of a 
So container which can be caused to admix prior to use. With such an arrangement, the fibrmolytic and 
Z^T^y be paXged separately, as in two containers, or lyophilized together as a powder and 

^en^Tente^'ovlded In solution form, they can be contained in ? « = sy*em 
* for administration or in a tandem arrangement. For example *e ^S^S^EF* 

mav be in an I v injectable form, or infusion bag linked in senes. v.a tub.ng. to the f br.nolytlc ag m .n a 
Elision bag Using such a system, a patient can receive an initial bolus-type section or ,nfus,on. of 
the peptide inhibitor followed by an infusion of the fibrinolytic agent 
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The pharmacological activity of the peptides was assessed by the following tests: 

In Vivo Inhibition of Platelet Aggregation 

in vivo inhibition of thrombus formation is demonstrated by recording the systemic 
effec- te »sion of the peptides into anesthetized dogs according to the methods descnbed ,n A.ken et aL 
, Prostaglandins , 19, 629-43 (1980). 

Inhibition of Platelet Aggregation 



Blood was collected (citrated to prevent coagulation) from, naive, adult mongrel dogs. ^ Platelet rich 
prp was oreoared bv centrifugation at 150 x g for 10 min at room temperature. Washed platelets 
werSepL^ceSnS^ 800 x g for 10 min. The cell pellet thus obtained was washed tw.ee in 
Tide's buffer foH 6 5) without Ca" and resuspended in Tyrode's buffer (pH 7.4) contaming 1 .8 mM Ca 
*f "*S*2 Peptides were added 3 min prior to the agonist in all assays of platelet aggregaftoa 
20 Snal agonisrcScomrSns were 0.1 unit/ml thrombin and 2 mM ADP (Sigma). Aggregate was monitored 
20 E72EZ£ Lumi-Aggregomete, Light transmittance 5 min after 

calculate percent aggregation according to the formula % aggrega .on = «90-CR) (90- 10)] x : 1 00. where 
CR is the chart reading. 90 is the baseline, and 10 is the PRP blank reading. ICso s were determined by 
plotting [% inhibition of aggregation] vs. [concentration of peptide]. Peptides were assayed at 200 mM and 
« riiiMted seauentiallv bv a factor of 2 to establish a suitable dose response curve. 

25 d " U to ^sess 2 stability of the peptide to plasma proteases, the peptides were mcubated for 3 hrs. 
(rather than 3 min) in the PRP prior to addition of the agonist ntotataK oti mu i a ted bv 

( The compounds of Examples 1-21 showed an ICso for the aggr egatior of dog f ^ ^ 
ADP of between about 0.1 and 50 UM. The compounds of Examples 22, 24. 25 and 28 have and ICso 

■m nraater than 200 U.M. Preferred compounds have an ICso of less than 10 UM. 

30 9re te example which follow are Intended to in no way limit the scope ^ 

to illustrate how to make and use the compounds of this invention. Many other embodiments will be read.ly 
apparent and available to those skilled in the art. 
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In- the examples which follow all temperatures are in degrees centigrade. Amino ac.d analys.s was 
performed u£n a Dionex autoion 100. Ana.ysis for peptide content is based upon ammo aad analy m. 
E^rcto woe performed upon a VG Zab mass spectrometer using fast atom bombardment. EM s lea 
aXr ^er ( 25 mm) plates were used for thin layer chromatography. ODS refers to an octadecyls,lyl 
£f a^r^AvTu^^ abbreviations used to represent the e.uent composition are r, 
BuOH tmZc\ Sac- acetic acid. H 2 0: water. EtOAc: ethyl acetate. i-ProH: isopropanol. P: pyndme and 
T^TSc^ ^s Performed upon a Beckman 344 ^^SP^!^ 
prir mcordina intearator in either an isocratic or continuous gradient mode. Solid phase peptide syndesis 
SI Beckman 990 synthesizer. Where indicated, * 

of the HPLC chromatogram. MeArg was prepared by the method disclosed by Ah et 
al. , in U.S. Patent 4,687,758 (1987). 
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Example 1 



P^rati^ of cycMaS^^ [cyclo^(S,ShMba-Arg- 
Gly-Asp-Cys-NH 2 ] 
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General procedur for solid phase peptide synthesis on benzhydylamine resin 

Peotide amides were synthesized by solid phase peptide synthesis using benzhydrylamine resin as the 
supper? PnS SiTSS were added sequentially starting from the carboxy. temunus Mrt Jf. 
s deS sequence was obtained. The t-butyloxycarbonyl (Boc) group was used for protection of the alpha 
2T?«S Side ^hait Afunctional groups were protected as follows:; arginine and hisbd.ne. tosyl (Jos). 
SSn an '^^^.^1 (MB,) or ethyKhic > (SEt) .serine ^ 
(BzlV Ivsine p-chlorocarbobenzoxy (CIZ); glutamic acid and aspartc acd, benzyl ester (OBzl) or cyc^hexy. 
Sir S3e5v Cosine, p-bromocarbobenzoxy (BrZ). Removal of the Boc group was accom^shed by 

chloride. Completeness of coupling was checked by n.nhydnn test and couplings were repeatea 
is necessary. The general protocol is given below. 

1. Wash with methylene chloride 1 x 1 min 

2. Wash with 50% TFA 1 x 1 min 

3. Deblock with 50% TFA 1 x 20 min 

4. Wash with methylene chloride 6 x 1 min 
20 5. Neutralize with 7% DIEA 3 x 2 min 

6. Wash with methylene chloride 4 x 1 min 

7. Wash with dimethylformamide 2 x 1 min 

8. Boc-AA + HOBt in DMF do not drain 

9. DCC in methylene chloride 2 h 

25 10. Wash with dimethylformamide 2 x 1 min 

1 1 Wash with methylene chloride 3x1 min _ F 

ForScLent of fts first (terminal) residue to the BHA resin, the synthes,s was begun at step 5. For 
ail subsequent amino acids, the synthesis was begun at step 1 . 
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a) 2-S-ethylmercaptobenzoic acid 

acetate) to yield the titled compound as tan solid (3.8 g, 36%). 



40 b) cycio-(S,S)-Mba-Arg-Gly-Asp-Cys-NH 2 

" The protected peptide-resin intermediate. Mba(SEt)-Arg(Tos)-Gly-As P (0- ^^^^Z 
synced by the^id-phase method on 4- ^^^ZZ^Z^^^TT^ 

TP ODS column, gradient, A:acetonitnle. B:H 2 O-0.1% TFA, 0-50 ft a ounng iu 
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nm); Peptide content 45%; Amino Acid Analysis: Asp(0.94), Gly(1.00), Arg(0.42), Cys(0.53). 



Example 2 
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p rgD!:! «nn of N». a cetvl*vclo(S.S)^^ [cyctojSg)- 
Ac-Cys-Arg-Gly-Asp-Man] 

a) 2-(4-methylbenzyl)thioaniline (Man-4-MBzl) 

T Q a solution of 2-thioaniline (5.0 mL, 42 mmol) in ethanol (50 mL), triethylamine (5.9 ml 423 mmol) 

yellow oil (4.26 g). 

b) Fmoc-Asp(0-t-Bu)-Man(4-MBzl) 

Fmoc-Asp(O-t-Bu) (5.0 g. 122 mmol) was dissolved in THF (50 mL). and N-memylmorpholine (1.3 mL 
118 mmotw'i Padded and me solution was cooled under argon in an ethanoUice bath for 0 

tion from methanol yielded the desired compound as a whrte sol.d (3.93 g. 26%). mp 129 un,u 



35 c) Fmoc-Asp-Man(4-MBzl) 

" A mixture of Fmoc-Asp(0-t8u)-Man(4-MBz.) (3.5 g) and 50% TFA In , ^^^^^ y Z 
stirred at room temperature for 45 min. The solvent was evaporated and the product was preap tatea oy me 
*SSm <.t!» soiid was collected and air dried to yield a white solid (2.23 g. 70%). mp 155-156 C 
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d) Fmoc-Asp(OBzl-resin)-Man(4-MBzl) 

was washed sequentially as above and dried to yield the res.n-bound peptide (2.16 g). 
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&) N a -acetyl-cyclo(S,S)-Cys-Arg-Gly-Asp-Man 

was prepared from Aa f&« , ^ ) ( JJ3!2K After couolina of the last amino acid, the terminal Boc 
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ODS reversed-phase column. 10% acetonitrile:H 2 O-0.1% TFA) afford the Wed pepb de £4 mgV MS(FAE» 
rM + HI* 5972 TLC R, 0.57 (n-BuOH:HOAc:H 2 0:EtOAc 1:1:1:1), Ri 0.23, (n-BuOH.H 2 0..-ProH.CA 
65 20 5-3^0 k' = 4 9 (Vydac 218 Tp ODS column. 10% acetonitrile/H,O-0.1% TFA. UV detect.cn * 
So nm) k } « (Vydac 218 Tp ODS column, gradient. A:acetonitrile, B:H 2 0O.1% TFA, 0-50% A dunng IS 
min, TfV detection at 220 nm); Peptide content 44.6%; Amino Acid Analysis: Asp(1.00). Gly(1.03). Arg(0.94). 
Cys(0.5). 



Example 3 
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Preparation of C yclo(S.SH2-mercapto)ben2oyHN°-methyl) ar g inyl-glycyl-asp artvl-(2-mercapto)phenylamide 
iS^ciolS^-Mba-MeArg-Gly-Asp-Manl 

The protected peptide-resin intermediate, Mba(SEt)-MeArg{Tos)-Gly-Asp(0- Bzl-resin)-Man(4^B2l) 
was prepared, cleaved'and cyclized in the same manner as Exampie 2 on ^^IJS^JS 
cyclization was completed, the aqueous solution was passed Borough a co lumn J Amterhte® WW 
acetonitrileH 2 O-0.1% TFA). concentrated and lyophilized to afford a crude pept.de (100 mg ). Ch omatog 
Stl pressure ODS reversed-phase coiumn. 30% 

compound (14 mg). MS(FAB) m/e [M + H] 602.3: TLC: R, 0.63. (n-BuOH:H0Ac:H 2 0:EtOAC "-"I™* 
k ? 3??Vydac 218 TP ODS column. 20% acetonitrile/H 2 O-0.1% TFA. detection at 220 nm) ^ac 
218 TP ODS column, gradient. A:acetonitrile. B:H 2 O-0.1% TFA, 20-50% A dunng 10 m,n. detection at 220 
nm); Peptide content 79% Amino Acid; Analysis: Asp(1.00), Qly(1.21) 

Example 4 

Preparation of cyclo-(S,SH2^e^^ arginyl-glycyl-as ^^ 
[cyclo(S,S)-Mba-MeArg-Gly-Asp-Man] 

35 a) Boc-Asp(OcHex)-Man(4-MBzl) 

To a cold solution of Boc-Asp(OcHex), (31.5 g, 100 mmol) in THF (500 mL) and 
(131 g 120 mmol), isobutylchloroformate (15.6 mL, 1.2 mmol) was added dropwise. The reaction mixture 
^ sSrred for a few minuSs and a solution of Man(4-MBzl) (22.0 g. 96 mmol) in THF (500 mL) was added 
40 "me reaction mixture was allowed to warm to room temperature and stirred for 18 h. Upon * *» 

reaction, the reaction mixture was filtered and the filtrate was concentrated to dryness. ^ 
dissolved in ethyl acetate (500 mL), and washed successively with 5% aqueous c.tnc acid (3 x 150 mL) 
JTTLTA 10% aqueous NaHCO, (1 x 400 mL), water (1 x 400 mL) 

. onn mi \ th« Uitlon was dried (anhydrous K 2 COa). filtered and concentrated to yield the titled 
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x 300 mL). The solution was dried (anhydrous K 2 COa) 
45 compound (53 g). 
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b) Asp(OcHex)-Man(4-MBzl) 

BocAsp(0.cHex)-Man(4-MBzl) (52 g) was treated with 50% TFA/methylene chloride ' ^ 00 mL > f ° r ^ 
min a^oom temperature. The solvent was evaporated and chased several times w^ 
eliminate traces of TFA. The product precipitated as its TFA salt upon addition of ether. The solid was 
collected and air dried to yield a white solid (46.7 g, 88%). 

c) Boc-Gly-Asp(CK;Hex)-Man(4-MBzl) 

To a cold solution of Asp(0-cHex)-Man(4-MBzi) (46.7 g. 86.4 mmol) in DMF( 100 mL) 
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diisopropylethylamine (15 mL, 86.1 mmol) was added. N-Hydroxybezotriazoto (14.0 i g, 104 am*) was 
added fSowed by Boc-Gly (16.6 g, 94.8 mmol). The reaction mixture was sjrre ' "J^^*^ 
minutes, and N-emyl-N'-(dimethylaminopropyl)carbodiimide (18.2 g, 94.9 mmol) was added. ThereacUon 
Z. was ailowed to warm to room temperature and stirred for 18 I K The r 
concentrated to a small volume and poured into 1.5 L of comEd(50 6g) 

was collected by filtration and was washed with water to a neutral pH to afford the filled compound (50.6 g). 

d) Gly-Asp(Q-cHex)-Man(4-MBzl) 

" The compound of Example 4(c) (11.7 g, 20 mmol) was treated with 50% TFA/OfcCI, (80 mL) as 
described in Example 4(b) to give 12.4 g of the titled compound. 

e) Boc-Me-Arg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

_ To an ice cold solution of the compound of Example 4(d) (12.4 g, 20 mmol) in DM • (20 mL) DIE* (3* 
filtration and washed with water to neutral pH to provide the titled compound (20.4 g). 



25 f) MeArgCTos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

" The compound of Example 4(e) (17.7 g. 19.5 mmol) was treated with 50% TFA/CH 2 CI 2 (80 mL) as in 
Example 4(b) to provide the TFA salt of the titled compound. 
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g) Mba(SEt)-MeArg(Tos)-Gly>Asp(OcHex)-Man(4-MB2l) 

" To a cold solution of the compound of Example 4(f) (20 mmol) in DMF (20 ^^^^ 

$5 g). Chromatography (silica gel. 10% MeOH/CH 2 CI 2 ) affords the titled compound (9.0 g). 
h) cyclo-(S.S)-Mba-MeArg-Gly-Asp-Man 

" The protected linear peptide of Example 4(g) (8.5 g. 8.5 mmol) was treated with anhydrous HF (90 mU 
a L?LSr«q mn at O'C for 1 hr The HF was removed at 0 C under vacuum, sand the residue was 

compound (1.0 g). 
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Preparation of cyclo(S,SH2-mercapto)benzoyl-(N«-memyl)^ 
[cyclo-(S,S)-Mba-MeArg-Gly-Asp-Pcs1 

Diasteromeric 3-phenylcysteine is prepared according to the method described by Nagai et a) in 
Peptide Chemistry, edited by.M. Ueki. Proceedings of the 26th Symposium on ^0*^,^2 
October 24-26. 1988. Protein Research Foundation, Minoh-shi. Osaka, pages 247-52. Using standard 
Sods S material is converted to S-(4-methoxyphenyl)-N-(t-butoxycarbonyl)-3^heny cysteine. The 
proved eptide-resin intermediate. M ba(SEt)-Arg(Tosh^ 
by the solW-phase method on 4-methylbenzhydrylamine resin. All of the 
butyloxycarbonyl on the amino group, and are coupled sequentially using N.N-d 

hXxybenzotriazole (DCC/HOBt) as set forth in Example 1. After coupling of the la* ammo acid. ttje 
SdeTcSaved from the resin Wh deprotectior, of the side chain protecting groups using , anhydrous HF 
00 mg in the presence of anisole (2.0 mL) at O'C for 30 min. After the evaporation of HF vacuo. J» 
esidue is washed with anhydrous ether, the crude peptide is extracted with 0.2 M 
extract is diluted to 2 L with deionized water. The pH of the aqueous solution is adjusted*) 7-8 with 
concentrated ammonium hydroxide and Nitrogen is bubbied through tine solution. After 24-« hr. The 
Action solution is lyophilized to yield a crude product. Chromatography (medium pressure reversed-phase 
column. acetonitrile/H 2 O-0.1% TFA) provides the titled product. 
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25 Preparation of cyclo-(S,S)-Mba-Sar-Arg-Gly-Asp-Man 

a) Boc-Asp(Oc-Hex)-Man(4-MBzl) 

To a cold solution of Boc-Asp(O-cHex) (31.5 g. 100 mmol) and N-methylmorpholine (13 1 1 g. 120 mmoj 
in THF (500 mL), isobutylchloroformate (15.6 mL. 1.2 mmol) was added dropwise^The reaction .mixture wa* 
Sirred for a few minutes, then a solution of Man(4-MBz.) (22.0 g 96 mmo.) in ™JgZ£££** 
The reaction mixture was allowed to warm to room temperature and stirred for 18 h. Upon completion of the 
by TLC), the amine sat was filtered off and the ^JT^^^ 
The residue was dissolved in ethyl acetate (500 mL) and washed successively with 5 /. j aqueous cit r.c acid 
rTisO mL), water (1x400 mL). aqueous NaHCOa (1x300 mL), water (1x400 mL) and saturated satt solution 
(1x30 mL> Z organic solvent was dried (anhydrous K.CO,), filtered and concentrated to yield the title 
product (53 g). 
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b) Asp(Q-cHex)-Man(4-MBzl) 

Boc-Asp(0<Hex)-Man(4- M Bz.). (1) (52 g) was treated with 50% TFA solution in 
(400 mL) for 45 min at room temperature. The solvent was removed and the residue was azeotropeo 
ZJS tZ from methyiene chloride to eliminate traces of TFA and the product was precpitated by the 
addition of ether. The solid was collected and air dried to yield a white solid (46.7 g.88 /.). 



so 
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c) Boc-Gly-Asp(Q-cHex)-Man(4-MBzl) 

To a cold solution of the compound of Example 6b (46.7 g. 86.4 mmol) in DMF (100 mL) I DIEA (15 mL. 
86.1 mmol) was added to bring the pH to neutrality. HOBt (14 0 g. 104 mmol) ^»J^J^^ 
Gly (16.6 g. 94.8 mmol). The reaction was stirred in the cold for a few mm, then EDC ^JjJ^Jf 
was added portionwise. The reaction mixture was allowed to warm to room temperature and stirred for 18 h. 
The Taction mixture was concentrated to a small volume and poured into 1.5 L of aqueous 10% fcCOa. 
JSe pr ^LXoductwas collected by filtration and washed with water to yie.d the titled compound 
(50.6 g). 
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d) Gly-Asp(0-cHex)-Man(4-MBzl) 

The compound of Example 6c (2.92 g. 5 mmol ) was treated with 50% TFA (80 mL) according to the 
procedure of Example 6b to yield the titled compound (2.93 g . 98%). 

e) Boc-Arg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 6d (1.4 g,2.3 mmol) in DMF (4 mL). DIEA , (410 uL, 
2.3 mmol) was added to bring the pH to neutrality. HOBt (380 mg. 2.76 mmol) ^ d ^ 0 ^ V m ^ 
Arg(Tos) (1.2 g. 1.32 mmol). The reaction mixture was stirred for a few mm. then EDC (493 mg. 1.32 mmol) 
was added. The reaction mixture was allowed to warm to room temperature and stirred for 18 h. The 
reaction mixture was concentrated to dryness, and the residue was dissolved in ethyl acetate and washed 
successively with water (1x). 10% K 2 C0 3 (2x). water (1x) and brine (1x). The ethyl acetate extract was dned 
(anhydrous fcCOa) filtered and concentrated to yield the titled compound (1.91 g). 

f) Arg(Tos)-Gly-Asp(OcHex)-Man(4-MBzl) 

The compound of Example 6e (1.9 g. 2.1 mmol) was treated with 50% TFA (10 mL) according to the 
procedure of Example 6b to yield the titled compound (1 .59 g). 

g) Boc-Sar-Arg(Tos)-eiy-Asp(OcHex)-Man(4-MB2l) 

To an ice cold solution of the compound of Example 6f (0.8 g. 23 mmol) in DMF (2 mL> DIEA (1 53 uU 
was added to bring the pH to neutrality. HOBt (143 mg. 2.76 mmol) was added followed by Boc-Sar (183 
Z It ll). Tne reason mixture was sfirred for a few min. then EDC (186 mg. 253 mmo.) was added 
portionwise. The reaction mixture was allowed to warm to room temperature and stirred for 18 h. It was then 
copied to dryness, and the residue was dissolved in ethyl acetate and washed success.vely w.th 
X (ut l0% SoV(2x). water (1x) and brine (1x). The ethyl acetate extract was dried (anhydrous 
K2CO3), filtered and concentrated to yield the titled compound (0.78 g). 

h) Sar-Arg(Tos)-Gly-Asp(0<Hex)-Man(4-MBzl) 

The compound of Example 6g (780 m g. 0.8 mmol ) was treated with 50% TFA (5 mL) according to the 
procedure of Example 6b to yield the titled compound (500 mg). 

i) Mba(SEt)-Sar-Arg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 6h (0.85 g. 0.5 mmol) in DMF (2 mL). DIEA (89 
an was added to bring the pH to neutrality. HOBt (248 mg. 1.8 mmol) was added followed by Mba (SEt) 
$4 mg 55 ; mmol). The reaction mixture was stirred for a few min. then EDC ( » IB* « mmol) wa 
added oortionwise. The reaction mixture was allowed to warm to room temperature and stirred for 18 h It 
w^l^^oentated to dryness and the residue was dissolved in ethyl acetate and washed success-ve y 
2 SrTx)^% K.CO, (2x). water (1x). 5% citric acid (2x). water (3x) and brine (1x). The ethyl acetate 
IZZZx dried (anhydrous Na 2 SO*), filtered and concentrated to yield the titled compound (0.45 g). 

j) cyclo (S.S)-Mba-Sar-Arg-Gly-Asp-Man 

The protected linear peptide of Example 6i (423 mg). was treated with anhydrous HF (10 mL) In the 
presTnce'of S le (1 mL) at 0' C for 1 h. The HF was removed at o' C under ^vacuum, and tine re ,due 
was triturated with ether . The solid was dried in vacuo to yield the crude cycl.zed peptide (235 £g). in jas 
S d by gel filtration (Sephadex® G-15. 1% acetic acid/water) . The approbate 

lyophLed to yield the semipurified titled compound (65 mg). An al.quot of the sem.punf.ed peptide (18 
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ma) was purified by preparative HPLC (5 u Altex Ultrasphere® ODS. 10 mm x 25 cm. 20% 
aceUSe^ater-0.1% l^uoroacetic acid, UV detection at 220 nm to yield the purified title compound (6.0 
mg). MS (FAB) m/e 659.1 [M + H]*; HPLC k 6.6 (5 li Altex Urtrasphere® ODS 4.5 mm x 25 cm, gradient, 
Aacetonitrile B:water-0.1% trifluoroacetic acid. l0%-50% acetonitrile in 20 m.n, UV detection at 220^ nm)J < 
6.9 (Altex Ultrasphere® ODS, 20% acetonitrileAwater-0.1% trifluoroacetic acid, UV detection at 220 nm), 
Amino Acid Analysis: Asp (1.00). Qly (1.03). Arg (1.11). 
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Preparation of cyclo-(S,S)-Mba-Sar-MeArg-GlyAsp-Man 

a) Boc-MeArg(Tos)-Gly-Asp(Q-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 6d (0.6 g, 1.0 mmol) in DMF (42 mL) D 1E * < 13 ° 
jiL, 2.2 mmol) was added to bring the pH to neutrality. HOBt (165 mg. 1.2 mmol) was added foNowed by 
Boc-MeArg(Tos) (0.5 g. 1.1 mmol). The reaction mixture was stirred for a few m.n. then EDCJIO mg. 1.2 
mmol) was added. The reaction mixture was allowed to warm to room temperature and stirred for 18 h. K 
was concentrated to dryness and the residue was dissolved in ethyl acetate and washed successively w.th 
ZLIT^CO^). water (1x) . 5% citric acid (2x) and brine (1x). The e*yn acettte exfract was 
dried (anhydrous NazSO*). Altered and concentrated to yield the trtled compound (780 mg, 86 /.). 



b) MeArg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

The compound of Example 7a (789 mg, 0.86 mmol ) was treated with 50% TFA (4 mL) according to the 
30 procedure of Example 6b to yield the titled compound. 

c) Boc-Sar-MeArg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 7b (0.8 g.0.86 mmol) in DMF (2 mL), DIEA (153 
UL) was added to bring the pH to neutrality. HOBt (143 mg. 1.03 mmol) was adde* flowed by Boc-Sar 
(183 mg, .95 mmol). The reaction mixture was stirred for a few mm and EDC (186 mg ■» JJ^JZ 
added. The reaction mixture was allowed to warm to room temperature and stirred for 18 h. The reason 
mixture was concentrated to dryness, and the residue was dissolved in eto y. acetate and I washed 
Successively with water (1x). 10% K 2 C0 3 (2x). water (1x). 1N HCl (1x). water (3x) and bnne (1x). The ethyl 
ace^te e2ct was dried (anhydrous Na 2 SOO, filtered and concentrated to yield the titled compound (0.65 

g). 

45 d) Sar-MeArg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

The compound of Example 7c (650 mg, 0.8 mmol) was treated with 50% TFA (5mL) according to the 
procedure of Example 6b to yield the titled compound (510 mg). 
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e) Mba(SEt)Sar-MeArg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzll 

To an ice cold solution of the compound of Example 6d (0.5 g, 0.5 mmol) in DMF (2 mL), DIEA £20 
mL. 0.6 mmol) was added to bring the pH to neutrality. HOBt (1 50 mg. 0.55 ™X£eo^mZ o 55 
Mba (SEt) (394 mg, 0.55 mmol). The reaction mixture was stirred for a few mm, then EDC (260 mg, l 3.55 
mmol) was added portionwise. The reaction mixture was allowed to warm to room temperatore, stirred for 
7h and concentrated to dryn ss. The residue was, dissolved in ethyl acetate and washed wmrtrty 
with water (1x), 10% K 2 CO,(2x). water (1x), 5% citric acid (2x), water (3x) and bnne (1x). The ethyl acetat 
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extract was dried (anhydrous NajSO*). fibred and concentrated to yield the titled compound (0.46 g). 

f) cyclo-(S.S)-Mba-Sar-MeArg-Gly-Asp-Man 

The protected linear peptide of Example 7d (450 mg) was treated with anhydrous HF (10 ml) in the 
presence* anisole ( 1 mL) at 0* C for 1 h. The HF was removed at 0 C under vacuum, and th re .due 
was triturated with ether . The solid was dried in vacuo to yield the crude cychzed pept.de (268 mg) It was 
Tmed by gel filtration (Sephadex® G-15. 1% acetic acid/water). The appropriate fract,ons were pooled and 
ESzeJ to yield the semipurified peptide. An aliquot of the semipurified peptide (65 mg was further 
puid by mi ! (5 » Aftex Ultrasphere® ODS. 10 mm x25 cm. ^^^tAZTm^^ 
*d. UV Lection at 220 nm) to yield the titled compound (6.0 mgM/IS ^£1™*^', T \° J 
nfifl m-BuOH HOAc H20 EtOAC 1:1:1:1). Ri 0.74 ( n-BuOH:HOAc:H20:pynd.ne 15:5:10:10). HPLC k 11.8 5 
TIZ ^^SS gM A.acetonitrile B:water-0.1% trifluoroacetic acid. 10%-50% aceton-Me 
iTrXFTLL l 220 nm). k' 8.6 (Altex Ultrasphere® ODS I *0* i acetonitr.le/wate,0, % 
trifluoroacetic acid, UV detection at 220 nm): Amino Acid Analyse: Asp (1.04). Gly (1.00). 
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Preparation of cvcto-(S.S)-Mba-Arg-Gly-Asp-Man 

25 

a^ Mba(SEt)-Arg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 6f (0.80 g. 0.88 mmol) in DMF_ (2 mlj. DIEA ^ (153 
uU was added to bring the pH to neutrality. Mba (SEt) (380 mg. .97 mmol) was added, the reacton m.xture 
30 l* 2Z iZ a few in. and EDC (340 mg. .97 mmol) was added, followed by ^ylam nopynd^e 
m- mrrt The reaction mixture was allowed to warm to room temperature, sttrred for 18 h. and 
SLmXeJE Zmi^slZ was taken into ethyl acetate and washed successively with water (1x). 

^\™T<MC acid (2X), water (3x) and brine (1x). The ethy. acetate extract was 
dried (anhydrous Na 2 SO + ). filtered and concentrated to yield the titled compound (0.41 g). 
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b) cvclo-(S,S)-Mba-Arg-Gly-Asp-Man 

The protected linear peptide of Example 8b (223 mg) was treated with anhydrous HF (10 mL) in the 
I ne proieciea in near w removed at 0 C under vacuum, and the residue was 

SSi *' ^ w rdriedTn vacuo to yield the crude cyc.ized pepfide (92 mg). An ajquot 
r 2 ?mg) waTpuld by HPLC (5 u Altex Ultrasphere® ODS. 10 mm x 25 cm. 18% J^^SSZ 

^«^*; in-inv HPLC k 6 (5 U !wtex^trasphere® ODS, gradient. A:acetonitrile B:water-0.1% trifluoroacet.c 
^ at 2 9 20 nm), „' 3, (5 . Altex « 

Sonltrile/water-0.1% trifluoroacetic acid. UV detection at 220 nm); Ammo Acid Analys.s. Asp (0.81). Gly 
(1.28), Arg (1.00). 
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55 Preparation of cyclo-(S,S)-Mba-D-MeArg-Gly-Asp-Man 

a) Boc-r>MeArg(Tos)-Gly-Asp(Q-cH x)-Man(4-MBzl) 
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To an ice cold solution of the compound of Example 7d (0.6 g, 1 .0 mmol) in DMF (42 mL) DIEA (130 
UL 2.2 mmol) was added to bring the pH to neutrality. HOBt (202 mg, 1.5 mmol) was added followed I by 
Boc-D-MeArg(Tos) (0.663 g. 1.5 mmol). The reaction mixture was stirred for a few min. then EDC (2B8 mg. 
1 5 mmol) was added. The reaction mixture was allowed to warm to room temperature, stirred for 18 n ana 
s concentrated to dryness. The residue was dissolved in ethyl acetate and washed successively wrth water 
(1x), 10% K*C0 3 (2x). water <1x), 5% citric acid (2x), water (3x) and brine (1x). The ethyl acetate extract was 
dried (anhydrous Na 2 SO*). filtered and concentrated to yield the titled compound (500 mg). 

, 0 b) D-MeArg(Tos)-Gly-Asp(0-cHex)-Man(4-MBzl) 

The compound of Example 9a (500 mg, 0.5 mmol ) was treated with 50% TFA (5 mL) according to the 
procedure of Example 6b to yield the titled compound (658 mg). 



is 



c) Mba(SEt)-D-MeArg(Tos)-Gly-Asp(Q-cHex)-Man(4-MBzl) 

To an ice cold solution of the compound of Example 9b (658 mg, 0.71 mmol) in DMF (4 mL), DIEA , (120 
mL. 0.85 mmol) was added to bring the pH to neutrality. Mba (SEt) (306 mg, 1.42 mmo» was added, the 
reaction, mixture was stirred for a few min. and EDC (274 mg, 1.42 mmol) and 4-d.mem y lam.nopynd,ne 
(174 mg. 1.42 mmol) were added. The reaction mixture was allowed to warm to room temperature, stirred 
!or 18 h and concentrated to dryness. The residue was dissolved in ethyl acetate and washed successivey 
with water (1x), 10% K 2 C0 3 (2x), water (1x), 5% citric acid (2x), water (3x) and brine (1x). The ettyl acetate 
extract was dried(anhydrous Na 2 SO*). filtered and concentrated to yield the titled compound (0.37 g). 

d) cyclo-(S,S)-Mba-D-MeArg-Gly-Asp-Man 

The protected linear peptide of Example 9c (370 mg). was treated with anhydrous HF (10 mL) in the 
presence of anisole ( 1 mL) at 0'C for 1 h. The HF was removed at 0 C under vacuum, and the residue 
was triturated with ether. The solid was dried in vacuo to yield the crude cyclized peptide (246 mg). It was 
purified by gel filtration (Sephadex® G-15, 1% acetic acid/water) . The appropriate fractions were pooled 
and lyophilized to yield the purified titled compound (13 mg). MS (FAB) m/e 602 [M + H] ; JLC ^R, 0.74 (n- 
BuOH:HOAc:H 2 0:EtOAc 1:1:1:1). R, 0.68 ( n-BuOH:HOAc:H 2 0: pyridine 15: 5:10:10); HPLC k 6.7 (5 u Altex 
as Ultrasphere® ODS. gradient. A:acetonitrile B:water-0.1% trifluoroacetic acid. 10%-50% acetomtrie in 20 
min. UV detection at 220 nm). k' 6.1 (5 U Aftex Ultrasphere® ODS. 21% acetonitr.le/water-0.1% 
trifluoroacetic acid. UV detection at 220 nm); Amino Acid Analysis: Asp (1.00), Gly (.1 .21). 
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Preparation of cyclo-(S,S)-Mba-MeArg-GlyAsp-N-Me-Man 

a) 2-N-Methylaminophenyl disulfide 

To a solution of 3-methylbenzothiazole (8.0 g, 0.44 mmol) in ethanol (100 mL), solid potassium 
so hydroxide (14.5 g. 0.26 mmol) was added. The reaction mixture was refluxed for 10 h and allowed to cocJ_ to 
room temperature overnight. The solvent was removed and the residue was partitioned betwe en ethyl 
acetate and aqueous sodium hydroxide (pH 12). The aqueous was treated with concentrated HCI to pH 8 
extracted with ethyl acetate, dried, filtered and concentrated to yield the free thiol as an oil (3.0 g). The ort 
was dissolved in ethyl acetate and air was bubbled through the solution for 90 min. The organic solution 
55 was concentrated to yield the titled compound as an oil (2.65 g). 



b) N-MeMan(4-MBzl) 
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To a solution of the compound of Example 10a (2.65 g. 9.6 mmol) in ethanol (150 mU sodium 
hnr^rfrida ( 036 a 96 mmol) was added portionwise. Upon the completion of addition o the 
SI, LL^n^plS. A soiutiS of ^romoxylene (3.5 g. 19.2 
added to the reaction mixture, and the mixture was allowed to stir at «om temper^ 
borohydride was filtered off, and the filtrate was chromatographed on s.l.ca (2% ethyl acetate-hexane) 
yield the titled compound (1.8 g). 

c) Boc-Asp-(0-cHex)-N-Meman(4-MBzl) 

To a cold solution of Boc-Asp(O-cHex) (1.4 g, 4.5 mmol) and N-methylmorpholine (0.59 mL, 5ji mmol) 
in tIf (Si IsobutyLhlorofoSnate (0.69 mL, 5.3 mmol) was added dropwise. The reacti on m.xtore was 
1™ l for a few mmutes then a solution of N-Me-Man(4-MBzl) (1.0 g. 4.1 mmol) in THF (3 mL) was added 
ZlellZZ ^« to warm to room temperature, and 

ie reaction, the amine salt was filtered off and the filtrate was concentrated to dryness ^The res,due was 
chromatographed (silica, 20-30% ethyl acetate/hexane) to yield the titled compound (0.95 g). 



d) Asp(Q-cHex)-N-Meman(4-MBzl) 

20 " Boc-Aso(0-cHex)-N.Me-Man(4.MBzl) (0.88 g. 1.6 mmol) was treated with 50% TFA ^solution in 
JXe cSTri^eTs mL) for 45 min at room temperature. The solvent was ^"t^Z 
Sde was evaporated from the residue several times, to e.iminate ^ a f es . ^ T h ^j? c ^oSnd as 
prTdpitated by the addition of ether. The solid was collected and air dned to yield the titled compound as 



25 white solid. 



e) BcK>Gly-Asp(O^Hex)-N-Me-Man(4-MBzl) 
To a cold solution of the compound of Example lOd (880 mg, 1.6 mmol) in DMF (5 

flT"o% K2CO, (2x). water (1x) and brine (1x). The ethyl acetate extract was dned (anhydrous Na,SO*). 
filtered and concentrated to yield the titled compound (980 mg). 

f) Gly-Asp(0-cHex)-N-MeMan(4-MBzl) 

" The compound of Example 10e (1.3 g. 1.9 mmol) was treated with 50% TFA (10 mL) according to the 
procedure of Example 6b to yield the titled compound. 

45 g ) Boc-MeArg(Tos)-GlyAsp(0-cHex)-N-MeMan(4-MBzl) 

To an ice cold solution of the compound of Example 101(1.9 mmol) in DMF (< i mL) 0IOu^ 
added to Wng the pH to neutrality. HOBt (318 mg, 2.1 mmol) was ?^ "^J^^^^ 

concentrated to yield the titled compound (1 .7 g). 
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h) MeArg(ToS)-Gly-Asp((>cHex)-N-MeMan(4-MBzl) 

The compound of Example I0g (1.7 g) was treated with 50'/, TFA (15 mL) according to the procedure 

25 
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of Example 6b to yield the titled compound (1.36 g, 80%). 

i) Mba(SEt)-MeArg(Tos)-Gly-Asp(Q-cHex)-NMeMan 

To an ice cold solution of the compound of Example 10h (1.3 g. 1.4 mmol) in DMF (2 m^ DIEA _(250 
UU was added to bring the pH to neutrality. Mba(SEt) (550 mg, 2.8 mmol) was added, thereacton mixture 
wa Sed for a few min, and EDO (340 mg. 1.54 mmol) was added, followed by "fitf™*^ 
So mg) . The reaction mixture was allowed to warm to room temperature, stirred for 18 h and 
,„ ^ntrited to drvness The residue was dissolved in ethyl acetate and washed successtvely w.th wate 
10 SHK»^T^ttT« owe acid (2X), water (3x) and brine (1x) . The ethyi acetate extract 
was dried (anhydrous Na a SO*), fiKered and concentrated to yield the titled compound (1.5 g). 

, 5 j) cyclo-(S,S)-Mba-MeArg-Gly-Asp-N-MeMan 

The protected linear peptide of Example KM (800 mg), was treated with anhydrous HF 00 mL) in the 
presence of anisole (1 mL) at 0*C for 1 h. The HF was removed at 0 C ^er ^uum an d I Je res,due 
was triturated with ether. The solid was dried in vacuo to yield the crude cychzed peptide (628 mg). The 
20 7plT% b chromatography (silica ODS. 20% acetonitrile/watBr-0.1% TFA) tc , y.« d e isemi- 

pSed compound. An aliquot (20 mg) was purified by HPLC (5 a Atex Ultrasphere* ODS, 10 mm x 25 

2S B: water-0.1% trifluoroacetic acid, l0%-50% acetonitrlle in 20 min. UV '"fir*™ JtSin 
Altex Ultrasphere ODS. 23% acetonltrile/water-0.1% trifluoroacetic and. UV detection at 220 nm), Am.no 
Acid Analysis: Asp (1.00, Qly (105) . 
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Example 1 1 



Preparation of N'Ac-cyclo-(S.SK;ys-MeArg-GlyAs p(2R,3S)Pcs-NH2 

The protected pentapeptide resin Boc-Cys(SEt)-MeArg(Tos).G^ 
(4MBzl)-MeBHA was prepared according to Example 1 on a 0.5 mmol l^'ToZ t 

Boc group with 50% TFA in methylene chloride and neutralizing the resulting TFA salt wrth 7/^ DIEAm 
Ethylene chloride, the resin-bound peptide was acetylated with acetic anhydride (0.47 mL). and DIEA 

(0 ^hTp^ °< *" chain protecting groups by treatment 

with XdH HqTd TTo mL) in the presence of anisole (1 mL) at O' C for 50 min. After removal of tine 
HFuTder vacuum the resin was washed with ethyl ether and air-dried. The resin was then extracted with 
?% a^ Swi? (2 x 30 mL) fo.lowed by 10% acetic acid/water (2 x 30 m^The combined h«ft 
were diluted to 1 L with deionized water. The pH of the aqueous solut.on was adjusted to 7M wrth con 
ammonium hydroxide, and cyclized by bubbling an inert gas such as argon in wh.ch the ^e sulfhyd yl 
ammonium nyoroxiae. y V, ^ MBz , prote cting one of sulfure. displaces the SEt group 
SmTZSJ ^sirThSzaflon P^cess was achieved in 48-72 h. The solution vas chromatog- 

nm). Amino Acid Analysis: Asp(0.97). Gly(1.00). Cys(0.38), *-phenyl-Cys(0.63). 
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Preparation of N°Ac-cyclo-(S.S)-Cys-MeAf9-Gly-A S p-(2R ,3R)Pcs-NH 2 

Tne proved pentapepfide resin *°<™*^^ 
(4MBzl)-MeBHA was prepared according to Example 1 on a M^"*^^ with 7% D.EA in 
Boc group with 50% TFA in methylene chloride and neutralizing the resuton , TF TV ^™ 
methylene chloride, the resin-bound peptide was acetylated wrth acet.c anhydnde (0.47 mL) and DIE* (o 
mL) in methylene chloride (20 mL) for 40 min. Dro tectina qroups by treatment 

'■The peptide was cleaved from the res.n with remova ^ ^ c ^^^Zo^ of the HF 
with anhydrous HF (10 mL) in the [V*™**^*™^ ^relTas then exacted with 1% 
under vacuum, the resin was washed w,th ethyl ether an a.r^ned. The res n 
acetic acid/water (2 x 30 mL) followed by 10% acefc acd/water 2 x 30 onL Jhe ^b.ned 

free sulfhydryl group of Pes ^^^^J^ ^ b) 11% acetonKrile/water-0.1% 

h. the solution was chromatographed (ODS s.l.ca. Step 9™«™ ' | y0 philized from 

TFA) The appropriate fractions were pooled, evaporated to dryness and *e rescue « as V P 
i% acetic tcid/water to yield titled peptide (92 mg) MS(FAB) m/e ,9K [M*H] TLC R, 0^ 
BuOH:HOAc:H 2 0:EtOAc 1:1:1:1). 0.67 ^^0^^ ^ 
Ultrasphere® ODS, gradient,, A:acetonrtn.e B:wat er-ai ^ acetonWleMater^.1 % trifluoroacetic 

UV detection, at 220 nm). k 4.45 (5u Aitex Uftrasphere® ODS , « *^^T^ eny|Cys(0 . ! »). 
acid UV detection at 220 nm); Amino Acid Analyse: Asp(1 .00). Gly(0.96). Cys(0.38), p pneny y 
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p^paratinn of N«Ac-cvclo-(S,S) Cys-Arg-G lv-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 

The protected decapeptide resin Boc-Cys^^ 
( 0<Hex)-Ser(Bz,)-Cys(SEt>MeBHA was prepared acco^ Example 1 ^ TFA 

rr™nte^ - acetylated with acetic anhydride 

with anhydrous liquid HF (30 mL) in *e presence o «•* (3 mL) at 0 C to 5 ^ 

chromatographed (ODS sthca. step gradient a) wa* ^"^pWzed from 1% acetic acid/water to 
« fractions were pooled, evaporated to dryness an d the res ^^^puSed by gel filtration (Sephadex® 
yield a semipurified peptide (800 mg, 80%). Ar i al.quot m 9> ^ ^ ,vo D hHized to yield the purified 
G-15. 1% acetic acid/water). The appropriate f ^^ r ( ^^^Si-H20-EtDAc 1:1:1:1). 
titled compound (74 mg). MS(FAB) m/e 1094.3 [M + H J ; TLC R, ™ fig™™^ m gradient , 

Sino Add Analysis: Asp(2.00). G.y(2.07). Cys(2.09). Ser(1.91). Arg(1.89). 
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Preparation of N'Ac-cyclo-<S,S)-Cys-Af9-GlyAsp-Ser-Afg-GlyAsp -Ser-Pen-NH2 

The protected d capeptide resin Boc-Cys(SEt)-Arg(Tos>-Gly^^ 
cHex)-Ser(Bzl)-Cys(4MBzl)-MeBHA was prepared according to Example 1 on a .0 mmol scale. After 
removal o the N-terminal Boc group with 50% TFA in methylene chloride and neuUahzmg 
salt with 7% DIEA in methylene chloride, the resin-bound peptide was acetylated wrth acetic anhydnde 
(0 94mU,andDIEA(1.72mL)inDMF(30mL)for40min. ttaaimani 

The peptide was cleaved from the resin with removal of the side chain protecting groups by treatment 
wim^hydTus liquid HF (30 mL) in the presence of anisole (3 mL) at 0 C for 50 mm. After removal of the 
HF under vacuum, the resin was washed with ethyl ether and air-dried. The resin was then « 
"% a^ic add/water (2 x 30 mL) followed by 10% acetic acid/water (2 x 30 mL). The 
were diluted to 2 L with deionized water. The pH of the aqueous solution was adjusted to 7.SWJ.0 with 
rmcSum hydroxide Tend argon was bubbled through the reaction mixture for 72 h. The solution was 
rZgraJKoDS silica'step gradient: a) water b) 6% ^^^^^^ 
fractions were pooled, evaporated to dryness and the residue was lyoph.lized from 1 A acetic ^id/water to 
vS a crTde Peptide (1.0 g. 100%). An aliquot (106 mg) was purified by gel filtration (Sephadex® G-15 1% 
Sc aTdSaS Se appropriate fractions were pooled and lyophilized to yieid a semipunfied peptide (90 
mgt An CoTof the semipurified peptide (60 mg) was purified by HPLC (5u Aitex ODS 7% 

Stonitri.e/water-O.1% trifluoroacetJc acid. UV detection at 220 mm) » ^^^^TTt? (n 
m „\ mc/car\ m/e 11226 TM + H] ; TLC R t 0.34 n-BuOH:HOAc:H 2 0:EtOAC 1.1.1.1). R. °- 4a \ n 
BuOH-S oSyrid nf 15:5^0:10); HPLC k' 8.18 (5U Aiiex Uitrasphere® «* <^ 
WluoLcetJc acid. 0-50% acetonitri.e in 20 min. UV detain at 220 £>■ * 
Ultrasphere® ODS. 6.5% acetonttrile/water-0.1% trifluoroacetic acid. UV detection at 220 nm). Amino acq 
Analysis: Asp(2.00). Gly(2.21). Cys + Pen(1 .66). Ser(1.96). Arg(2.16). 
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Example 15 



Preparation of N°Ac-cyclo-(S,S) Cys-Arg-Gly-Asp-Ser-Me Arg-Gly-Asp-Ser-Cys-NHz 

The protected decapeptide resin Boc-Cys(SEt^Argaos)-Gly-Asp^ 
AsD(a-cHex)-Ser(Bzl)-Cys(4MBzl)-MeBHA was prepared according to Example 1 on a 1.0 mmol scale. After 
removal J th Terminal Boc group with 50% TFA in methylene chloride and neutralizing the resulting TFA 
Z^L t£ D«5Tn metoyl™ ch.oride. the resin-bound peptide was acetylated with acetic anhydnde 

of the side chain protecting groups by treatment 
with^hyTis HqTd HF (30 mL) in the presence of anisole (3 mL) at 0* C for 50 min. After removal of the 
HF under vacuum the resin was washed with ethyl ether and air-dried. The resin was then exacted wrth 

G-15. 1% acetic acid/water). The appropriate fractions, were i pooled and J^T 
Amino Acid Analysis: Asp(2.11), Gly(2.06), Cys(1.84), Ser(2.00). Arg(0.84). 



Example 16 
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Preparation of N-Ac-cyclo-(S t SKys-MeArQ^ly-Asp-Ser-Arg -Gly-Asp-Ser-C ys-NH 2 
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The protected decapeptide resin Boc-Cys(SEt)-MeArg(Tos)-Gly-Asp(0-cHex)-Ser(Bzl)-Arg{Tos)-Gly 
Asp(OcHex)-Ser(Bzl)-Cys(4MB2l)-MeBHA was prepared according to Example 1 on a 1.0 mmol scale. After 
removal of the N-terminal Boc group with 50% TFA in methylene chloride and neutralizing the resulting TFA 
salt with 7% DIEA in methylene chloride, the resin-bound peptide was acetylated with acetic anhydride 
(0.94 mL) and DIEA(1.72 mL) in DMF (30 mL) for 40 min. 

The peptide was cleaved from the resin with removal of the side chain protecting groups by treatment 
with anhydrous liquid HF (10 mL) in the presence of anisole (1 mL) at 0* C for 50 min. After removal of the 
HF under vacuum, the resin was washed with ethyl ether and air-dried. The resin was then extracted with 
1% acetic acid/water (2 x 30 mL) followed by 10% acetic acid/water (2 x 30 mL). The combined extracts 
were diluted to 1.5 L with deionized water. The pH of the aqueous solution was adjusted to 7.6 with 
ammonium hydroxide and argon was bubbled through the reaction mixture for 72 h. The solution was 
chromatographed (ODS silica, step gradient a) water b) 5% acetonitrile-0.1% TFA-water). The appropriate 
fractions were pooled, evaporated to dryness and the residue was lyophiiized from 1% acetic acid/water to 
yield a semipurified peptide (800 mg). An aliquot (200 mg) was purified by gel filtration (Sephadex® G-15, 
1% acetic acid/water). The appropriate fractions were pooled and lyophiiized to yield the purified titled 
compound (90 mg). MS(FAB) m/e 1108.4 [M + H] + ; TLC R, 0.29 (n-BuOH:HOAc:H 2 0:EtOAc 1:1:1:1), R, 0.32 
(n-BuOH:HOAc:H 2 0:pyridine 15:5:10:10); HPLC k 6.6 (5u Altex Ultrasphere® ODS, gradient, A:acetonitnle 
B:water-0.1% trifluoroacetic acid, 5 -50% acetonitrile in 20 min, UV detection at 220 nm), k 6.6 (5u Altex 
Ultrasphere® ODS, 4% acetonitrile/water-0.1% trifluoroacetic acid, UV detection at 220 nm); Amino Acid 
Analysis: Asp(2.00), Gly(2.21), Cys(1.45), Ser(1.70). Arg(1.12). 



Example 17 



Preparation of N a Ac-cyclo-(S,S)-Cys-Arg-Gly-Asp-Ser-Lys-Gly-Glu-Ser-Cys-NH 2 

The protected decapeptide resin Boc-Cys(SEt)-Arg(Tos)-Gly-Asp(0-Bzl)-Ser(Bzl)-Lys(Clz)-Gly-Glu(0- 
Bzl)-Ser(Bzl)-Cys(4-MBzl)-MeBHA was prepared according to Example 1 on a 0.5 mmol scale. After 
removal of the N-terminal Boc group with 50% TFA in methylene chloride and neutralizing the resulting TFA 
salt with 7% DIEA in methylene chloride, the resin-bound peptide was acetylated with acetic anhydride 
(0.94 mL) and DIEA (1.72 mL) in DMF (30 mL) for 40 min. 

The peptide was cleaved from the resin with removal of the side chain protecting groups by treatment 
with anhydrous liquid HF (20 mL) in the presence of anisole (2 mL) at 0* C for 50 min. After removal of the 
HF under vacuum, the resin was washed with ethyl ether and air-dried. The resin was then extracted with 
1% acetic acid/water (2 x 30 mL) followed by 10% acetic acid/water (2 x 30 mL). The combined extracts 
were diluted to 2 L with deionized water. The pH of the aqueous solution was adjusted to 7.65 with 
ammonium hydroxide and argon was bubbled through the reaction mixture for 72 h. The solution was 
lyophiiized and chromatographed (ODS silica, 4% acetonitrile-0.1% TFA-water). The appropriate fractions 
were pooled, evaporated to dryness and the residue was lyophiiized from 1% acetic acid/water to yield a 
partially purified peptide (120 mg). The peptide was further purified by gel filtration (Sephadex® G-15, 1% 
acetic acid/water). The appropriate fractions were pooled and lyophiiized to yield the purified titled 
compound (40 mg). MS(FAB) m/e 1080 [M + H] + ; TLC R f 0.23 (n-BuOH:HOAc:H 2 0:EtOAc 1:1:1:1). Rf 0.38 
(n-BuOH:HOAc:H 2 0:pyridine 15:5:10:10); HPLC k' 9.4 (5u Altex Ultrasphere® ODS, gradient. A:acetonitnle 
B:water-0.1% trifluoroacetic acid, 5%-50% acetonitrile in 20 min, UV detection at 220 nm), k 5.6 (5n Altex 
Ultrasphere® ODS, 3% acetonitrile/water-0.1% trifluoroacetic acid, UV detection at 220 nm); Amino Acid 
Analysis: Asp(1.00), Gly(2.12), Cys(1.83), Ser(1.69), Glu(1.09), Lys(1.03), Arg(0.90). 

Example 18 



Preparation of cycto-(r,6 T )-Gly-Arg-Gly-Asp-Ser-Glu-NH 2 

The protected hexapeptide resin Boc-Gly-Ar g ros)-Gly-Asp(Bzl)-Ser(Bzl)-Glu(0-t-Bu)-BHA was prepared 
according to Example 1 on a 1 mmoi scale. The N-terminal Boc group on glycine and the t-butyl ester on 
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th glutamic acid sidechain were removed with 50% TFA in methylene chlonde. The remitting TF£ salt was 
neuSzed with 7% OIEA in methylene chloride and the resin-bound peptide "J" «*• 
STamine of glycine and the gamma carboxy group of glutamic acid using the BOP reagent (3 mmol) 
Z Tt£Z mmo ) in DMF. Complete cyclization was tested by ninhydrin test and repeated as required 

Tnfpeptide was cleaved from the resin with remove, of the sidechain protecting ^JvM 
with anhydrous liquid HF (30 mL) in the presence of anisole (3 mL) at 0 C for 50 mm. After ™™£J*» 
HF under vacuum, the resin was washed with ethyl ether and air-dried. The resin was then extracted wrth 
!% acetic acid/water (2 x 30 mL) followed by 10% acetic acid/water (2 x 30 mL). The combined extracts 
were IvoDhilized to yield a crude peptide (566 mg, 94%). T a i0/ 

The erode peptide was purified by flash chromatgraphy (ODS reversed-phase s,l.ca. 1% 

B water-01% trifluoroacetic acid, 0-50% acetonitrile in 20 min, UV detection at 220 nm), K 5.88 (5u Attex 
Ul££U S*E acetonitri.eA.ater-O.^o trifluoroacetic acid. UV detection at 220 nm); Am.no Acd 
Analysis: Asp(0.85), Gly(2.00). Ser(1.00). Glu(1.06). Arg(1.04). 

Example 19 



25 

Preparation of cyclo(1°,6 T )-Gly-MeArg-Gly-Asp-Ser-Glu-NHa 



The protected hexapeptide resin Boc-Gly-MeArg(Tos)-Gly-As P (Bzl)^^ 
oared according to Example 1 on a 1 mmol scale. The N-terminal Boc group on glycine and the t-butyl 

este o^V^**M were removed with 50% TFA in methy ' ene Ch f idS - ^r^22 

2, ™ niSad with 7% DIEA in methylene chloride and the resin-bound peptide was cycl.zed between 

*e ^ gSne and the gamma carboxy group of g.utamic acid using the BOP reagent (3 mmo.) 

^XSL from the resin with remove, of the side chain protecting ^ps by^ent 
with anhydrous liquid HF (30 mL) in the presence of anisole (3 mL) at 0 C for 50 mm. After removal of the 
HF under vacuum, the resin was washed with ethyl ether and air-dried. The resin was then 
t%^Sc acid/water (2 x 30 mL) followed by 10% acetic acid/water (2 x 30 mL). The combined extracts 

^^S^Z^Zr^L^ (OOS reversed-phase silica, 1.5% 

J££2LR% TFA). ^appropriate fractions were ^^^£^^JS^ 
was lyophilized from 1% acetic acid/water to yield a partially purified peptide (356.8 mg). An^iquotOT 
ZZu£ wrifled peptide (66 mg) was further purified by HPLC (5u Altex Ultrasphere® ODS 2 A 
l^LZlSr^TmLJ, acid. UV detection at 220 nm) to yield 

ma) MS(FAB) m/e 615 [M + H] ; TLC R, 0.36 TLC R, 0.38 (n-BuOH:HOAc:H 2 0:EtOAc 1.1.1.1). Ft, 0-42 n 
BuOH HOAc HXvridine 15 5 10:10); HPLC k' 7.43 (5u Attex Ultrasphere® ODS. gradient, A:acetom Me 
£TS^S£^ -d. 0-50% acetonitri-e in 20 min. UV ******* g J*tK*S 
Ultrasphere® ODS, 3% acetonitrile/water-0.1% trifluoroacetic acd. UV detection at 220 nm). Ammo Acd 
Analysis: Asp(1 .00),Gly (1.88), Ser(0.85), Glu(1.05). 

Example 20 



ss Preparation of cyclc-(1.8)-Arg-GlyAsp-Phe-Arg-G ly-Asp-Phe 

General procedure for solid phas peptide synthesis of Homodetic peptides - FMOC-SASRIN Method 
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Cyclic homodetic peptides were synthesized by solid phase pept.de synthesis using , SASRIh Iresm 
(Bachem) as the support. Protected amino acids were added sequentially startmg from , the carboxy 
ESTuSi the des'ed sequence was obtained. The 9-fluorenylmethoxycarbonyl (FMOC) group was 
used for protection of the alpha amino group. Side chain functional groups were protected as follows. 
SinTaSdTmethylarginine' tosy. (Tos) or ♦«*«»M^ 

ether (Bzl); glutamic and aspartic. benzyl (Bzl) or t-butyl ester (t-Bu). Removal of ne ™ oc 9™^ «• 
accomplished by treatment with 20% piperidine in DMF. Amino acids were couptod tofte gMIHtt 
using 2-3 equivalents of the FMOC-protected amino acid, 2-3 equivalents of HOBt in DMF and 2-3 
USSmTdOC in methylene chloride. Completeness of coupling was checked by the nmhydnn test and 
couplings were repeated as necessary. The general protocol is given below. 

1. Wash with DMF 5x1 min. 

2. Wash with 20% piperidine in DMF 1x1 min 

3. Deprotect with 20% pip. in DMF 1x7 min 

4. Wash with DMF 10x1 min 

ts 5. Test for deprotection by ninhydrin 

6. FMOC-AA + HOBt in DMF, do not drain 2 min 

7. DCC in methylene chloride 2 h 

8. Wash with DMF 5x1 min 

9. Wash with methylene chloride 3x1 min 

20 10 Test for complete coupling by ninhydrin „ „i,.,Hri n 

11 1 Continue from step 1 if negative ninhydrin obtained or recouple from step 6 if positive nmhydnn 

Completion of the desired protected peptide, the FMOC protection of the N-terminus Removed, 
and the protected peptide is cleaved from the resin using 1-2% trrfluoroacetc acid (TFA) m methylene 
chloride (3X15 min) The methylene chloride/TFA extracts are combined and concentrated to yield the 

Pr Tl P c?cyc.iza«on, the protected peptide (0.2 mmo.. 0.4 mM solution in ^^.^^ 
methy.morpholine (5 equivalents) and 1 -propanephosphonic acid cyclic ^ n ^J P ^^T^ 
0'C for 1 h. Another equivalent of PPA is added, and the reaction mixture is allowed to stir ^at room 
temoerature for 18 h The solvent is removed, and the residue is triturated with water to y.eld the desired 
SKSi peptide Protected sidechain functional groups are deprotected by ^treatment w,tf . anhy- 
drous HF in the presence of anisole (10%) at o' C for 50 min. The HF is ^j^^S^SZ c uoe 
peptide is dissolved in acetic acid (0.2M). washed with ether (3X) and lyoph,l,zed to y,eld the desired crude 

peptide. 
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cyclo-(l3)-Arg-Gly-Asp-Phe-Arg-Gly-Asp-Phe 

The protected octapeptide resin FMOC-A SP (0-t-BuhPhe-Arg(^GIy-As P (0-t-Bu)-Phe-Ar^ 
SASRIN was prepared as described above on a 2 mmol scale. After the removal of the N-term nal FMOC 
group «% piperidine in DMF. the resin-bound peptide was cleaved from ttie resin with 1% TFA ,n 
ZlZ£n« chloride to vield As P (0-t-Bu)-Phe-Arg(Mtr)-Gly-Asp(0-t-Bu)-Phe-Arg(Mtr)-Gly (2.9 g.97%) as a 
S? * id lo t plec^ peSe (300 mg. 0* mmo.) DMF (500 mL, at 0* C. NMM (110 uU^rno 
w2 added' Slowed by PPA (152 uL.0.24 mmol). After stirring at 0* C for 1 h, another portion of PPA was 
Sed aS'S ^wascontinued for 18 h. Removal of the solvent 

affords the cyclized protected peptide cyclo.(1.8)Arg(Mtr)-Qly-Asp(0-t-Bu)-Phe-Arg(Mtr)-Gly-Asp(0 t Bu) 
Phe (325 mo M00%). The peptide was treated with anhydrous HF (20 mL) in the presence of anisole (2 mL 
* 0'cl7% 1 After removal of HF under vacuum, the unprotected peptide was «*J^« m ^ 
0.2 m acetic acid, washed with ether (3 x 20 mL) and lyophi.ized to yield he crude cycle (1 8)Arg-G y-Asp 
Phe-Ara-Glv-Asp-Phe (247 mg) . The crude peptide was purified by gel filtration (Sephadex® G-15 1 /. 
^SiSSJm The approbate fractions were pooled and lyophi.ized. It was then furiHe, -pun .ec .by 
HPLC (5U AJtex Ultrasphere® ODS. gradient. A:acetonitrile B:water-0.1% tnfluoroacetc acid 1W0A 
acetonitrile in 10 min UV detection at 220 nm) to yield the purified titled compound (26 mg). MSfl=AB) m/e 
Jw. TLC R, 0.61(n-BuOH:HOAc:H 2 O:EtOAc 1:1:1:1). R, 0.63 (n-BuOH^OAc-.H.O^yrid.ne 
f 5 sfo toj H'PLC k' 7.73 (SuAhex Ultrasphere® ODS. gradient A:acetonitri.e B:water-0.1% >™™™*£ 
acid. 0-50% acetonitrile in 20 min. UV detection at 220 nm). k 4.29 (5u Altex Uttraspheree ODS 20 V« 
Setonitrile/water-0.1% trifluoroacetic acid, UV detection at 220 nm); Amino Acid Analysis: Asp(2.00). Gly- 
(2.08), Phe(2.01). Arg(1.89). 
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Example 21 



5 reparation of cvcIo-(1 t 8)-MeArg-Gl v-Aso>Phe-Arg-Gly>Asp-Phe 

Tn e proved octa P ep«de resin FMOCAsp 
SASRIN was prepared accortlng to D ^^^SSir*#1%TFA 
FMOC group with 20% pipend.ne in DMF^ the resin -bound W™"™*™ ^ so|jd ^ prote cted 

in methylene chloride to give ^Pj^S^^fc^S ^o.) and PPA (304 UL.0.48 
peptide (585 mg. 0.4 mmol) in DMF (1 L . t was treated iw «l J* ' d stirri was continued 

mil) at 0- C. After an hour stirring at 0 C, another porton of ° m cy 9 clized prote cted 

tor 18 h. Removal of the solvent and ^^J^^^S^SX (550 mg. 95%). The 
peptide cyclo-(1,8)-MeArg(Tos)-Gly-Asp(0-t-Bu)-Ph^Arg(Mtr)^!y-Asp Ot ™ ^ J 50 mjn . After 

^ptide was treated with anhydrous HF (30 ^^^^^U^^S^ «* " her 
removal of HF under vacuum, the peptide was dissolved ^^j}^ TpheXg-Gly-Asp-Phe (406 mg). 
(3 x 20 mL) and lyophiiized to give the J"^.^^^^ S acetic acid/water). The 
The crude peptide (200 mg) was punted by ^^^S^f^mmi by HPLC (5U Altex 
appropriate fractions were pooled and lyoph.Hzed The peptide ™2T%Zuvole«c acid. 10-50% 

(2.00), Phe(1.95), Arg(1.03). 
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Example 22 



50 



or^^ of .vclo-(1.10VPro-Arg-Gly-As n.D-Phe-Pro-Arg-Gly-Asp-D-Phe 

Tne protected decide resin ™OC-AsP<0-^ 
Arg(Mtr)-Gly-SASRIN P«P^ ^ from the resin with 

terminal FMOC group with 20% pyridine in ^JT» rtfphfr^r^Ara(Mtr)-Gly-Asp(0-t-Bu)-D-Phe-Pro-Arg- 
1.5% TFA in methylene chloride to give ^OW^W^^SK 03 mmo ) in DMF (750 mL) was 
(M«r)-G.y (1.7 g, 100%) as a white «*^^^JSy o " S-W^ at O'C for 1 h. 
treated with NMM (165 uL. 1.5 mmol) and PPA (228 UUMB mmo.) a ^ 
another portion of PPA was added and stirring J J"*™** J cycMlTo)-Pro-Arg(Mtr)^ly-A8p. 
trituration of the residue with water ^^SI^oTm^^^^^ anhydr0US 
(0 -t-Bu)-D-Phe-Pro-Arg(Mtr)-Gly-As P ^^^^^^^^ tne HF under vacuum, the 
HF (30 mL) in the presence of anisole (3 mL) at 0 C mL) and lyopnilized to give 

peptide was dissolved in 0.2 M acetic acid (60 mL). M*J Pj » m 4 y P 

L crude cycM1.10)Pro-Arg-G.y-Asp-D-Phe-P^^^^ ^ were 

mg) was purified by gel filtration (Sephadex® G-15, 1 *^"J?*"J^ further purified by HPLC (5u 
pSed and lyophiiized . An aiiquot of partial y pun mg) was M»p V ^ 

Mex Ultiasphere® ODS. 26% aceton^ ^ 
the purified titled compound (24 mg). MS(FAB) m/e 1145.6 , m . j . 
BuOH:HOAc:H 2 0:EtOAc 1:1:1:1). R, 0 58 /"; Bu °™^^ »» 20 min " 

Ultrasphere® ODS. gradient A:aceton,tr,le ^^J^^^^^r^ trifluoroacetic 



55 



Example 23 



32 



EP 0 425 212 A2 



70 



15 



Preparation of cyclo-(l.6)-Gly-Pro-Arg-Gly-Asp-D-Pro 

The protected hexapeptide resin FMOC-Asp(C>t-Bu)-D-Pro-Gly-Pro-Arg(Mtr).GIy-SASRIN was prepared 
according to Example 20 on 1 mmol scale. After the removal of the N-term n* FMOC group w* 20% 
piperidine in DMF, the resin-bound peptide was cleaved from the resin with 2% TFA ,n methytene ^chlonde 
to^ive Asp(0-t-Bu)-D-Pro-G.y-Pro-Arg(MtT)-Gly as a white solid (1.2 g, 100%)Jhe 
mg 0.8 mmol) in DMF (2 L) was treated with NMM (440 uL,4.0 mmol) and PPA (608 uL 0.9 mmol) at 
0' C After stirring at 0* C for 1 h. another portion of PPA was added and stirnng was contmued or 18 h. 
Removal of the solvent and trituration of the residue with water gave the cyclized ^*J*^™"% 
42%). The peptide was treated with anhydrous HF (20 mL) in the presence of an.sole (2 mL) at 0 C for 50 
min After removal of HF under vacuum, the deprotected peptide was dissolved .n 0.2 M acetic ac.d (60 
mL) washed with ether (3 x 20 mL) and lyophilized to yield the crude cyclo-(1.6)-Gfy-Pro-Arg-G.y-As P -D- 
P^zSZ) . An aliquot of the crude peptide (223 mg) was purified by *^JJ**^°^ 
Z acetic L/water) The appropriate fractions were pooled and 

compound (147 mg). MS(FAB) m/e 580.3 [M + H] ; TLC R, 0.44 (n-BuOH:HOAc:H 2 0:EtOAc 1.1.1.1), R, 0 45 
"buS HOAc:H 2 0: P yndine 15:5:10:10); HPLC k' 6.87 (5U Altex Ultrasphere® CDS. ^ JSTS 
Bwater-0 1% trifluoroacetic acid. 0-50% acetonitrile in 20 min. UV detection at 220 nm), k 3.98 (5u Altex 
She're® ODS 5% acetonitri.e/water-0.1% trifluoroacetic acid. UV detection at 220 nm); Ammo Acid 
Analysis: Asp(1.00). Gly(2.00). Pro(2.00). Arg(1.05). 

Example 24 



25 

Preparation of cyclo-(1.6)-Pro-Gly-Arg-Gly-Asp-D-Pro 
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Tbe protected hexapeptide resin ™°C-Asp(0-t-Bu)-D-Pro-^ SjS 
according to Example 20 on 1 mmol scale. After the removal of the N-term.nal FMOC group w.th 20 /. 
ntendine in DMFtte resin-bound peptide was cleaved from the resin with 2% TFA in methylene ch.or.de 
5^ p^llTpS* - • white solid (921 mg. ^^TS^Z^' Z 
mmol) in DMF (1 L) was treated with NMM (220 uL, 2.0 mmol) and PPA (304 uL. 0.48 mmol) at 0 C. Arte 
S i o' c ir h. another portion of PPA was added and stirring was continued for 18 h ^ Removal of 
STsolven and trituration of the residue with water gave the cyclized protected peptide, 
ia(Mfr)-Gly-Asp(0-t-Bu)-D-Pro (97 mg, 31%). The protected peptide (168 mg) was treated I with anhydrous 
HF ^ iSe Unce of Uole (2 mL) at O'C for 50 min. After removal of HF under vacuum, 
dep otected peptide was taken into 60 mL of 0.2 M acetic ac.d, washed wrth ether (3 20 1 mL) and 
Sized to rive cyclo-(1.6)-Pro-Gly-Arg-Gly-Asp-D-Pro (156 mg). An aliquot of the crude pept.de (150 
SSmT p££ Toy ge Man (Sephadex® G-15. 1% acetic acid/water). The appropriate .fractions were 
^oed and lyophilize? to yield the purified titled compound (50 mg). MS FAB ' "J <J£J g ™ 
ns t n R„r>H HOAc H,O EtOAc 1:1:1:1). Ri 0.42 (n-BuOH:HOAc:H 2 0:pyndine 15:5:10:10), HPLC k 9.44 (bU. 
Mex'm^i^ trifluoroacetic acid, 0-50% acetonitrile in 20 

TSSSn at 2^ nm). k 6.3 (5. Altex Ultrasphere® ODS. 

acid. UV detection at 220 nm); Amino Acid Analysis: Asp(1.06), Gly(2.00). Pro(1.81). Arg(1.29). 
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Preparation of cyclo-(1.6)-Gly-Arg-Gly-Asp-Ser-Pro 

The orotected hexapeptide resin FMOC-Asp(0-t-Bu)-Ser(B Z l)-Pro-Gly-Arg(Mtr)-Gly-SASRIN was pre- 
pare^ acSXfo Spie 20 on 1 mmol scale. After the removal of Ja ^ FMOC jjjM* 
20% oioeridine in DMF. the resin-bound peptide was cleaved from the resin w.th 1 A TFA .n memy^ne 
cntoridT oS the protected linear peptide as a white solid (863 mg 91%). The ^^J™ 
ma 0 8 mmol) in DMF (2 L)was treated wrth NMM (440 uL.4.0 mmol) and PPA (608 uL, ^0.9 i mrnol) at 
? C MeTsSing at 0* C for 1 h. another portion of PPA was added and stirnng was contmued for 18 h. 
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Removal of the solvent and trituration of the residu with water gave the cyclized protected Ipj Jj» P» 
™TS >Th Deride (300 mg) was treated with anhydrous HF (20 mL) in the presence of arusole (2 ml 

mg) . MS( F AB, m/e , 570.3 pjjfl : TLC R, ^ ^J^^ ^t. Alacetonitn.e 

S>S 2.5% acetonitri.e/water-0.1% trifluoroacetic acid. UV detection at 220 nm); Am.no Acd 
AnaJysis: Asp(0.94). Gly(2.00). Pro(1.03). Arg(1.03). Ser(0.9) 
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zo Preparation of cyclo-(1,6)-Pro-Arg-Glv-Asp-Gly-D-Pro 
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Example 27 



Preparation of cyclo-Q D-Pro-Arg-Gly-Asp-Gly-D-Phe 
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su-s sr. ^r^r - -ss sa 
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^toniSletate^! L1% trifluoroacetic acid. UV detection at 220 nm); Amino Ac.d Analyse: Asp(1.00). Gly- 
(1.98), Pro(1.04), Phe(0.97), Arg(1.03). 
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Preparation of cvc.o-(1,5)-D-Ala-Arg-Gly-Asp-Ser 
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The protected hexapeptide resin FMOC-Asp(B Z l)-Ser(Bzl)-D-Ala-Arg(Tos)-Gly-SASRIN was prepared 

1" „ 2 m ™ B i„ DMF (0.5 U »as treated «ith NMM (10 lit, 1.0 mmdl) and PPA (152 lit 0.24 »«l « 
TcuSmtn* 0 0 Id/l h. andtoar portton «l PPA was adddd and stimng »as BUM tor 18 
*m^tTl«« and MMtoi of to. residue with -aler gave toe a,ciiaed protoctod pwMJ. qrto- 

S£LESJ!£A mZ> SiiS-SK "* 86 »- 



35 Arg(l.07). 
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Preparation of cyclo-(1,5)-Ala-Arg-GiyAsp-D-Ser 

(<.5hA1.-A*(M.|^v-A>^^ *£, IZl of HP tinder 
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min. UV detection at 220 nm), k' 7.65 (5u Altex Ultrasphere© ODS, 1.5% acetonitrile/water-0.1% 
trifluoroacetic acid, UV detection at 220 nm); Amino Acid Analysis: Asp(0.98). Gly(1.00), S r(0.92). Ala(1.01) ( 
Arg(1.06). 

Example 30 



Preparation of cyclo-(1,3)-N c >[2>(2-(2-amidb-pheny0ethyl)benzoyl>MeArg-Gly-Asp»amide 



a) 2-[2-(2-aminophenyl)ethyl]benzoic acid hydrochloride 

A suspension of 5,6,1 1,12-tetrahydrodibenz[b,f]azocin-6-one (8.5 g, 38 mmol) in hydrochloric acid (6N, 
500 mL) was heated to reflux for 16 h. The reaction mixture was filtered hot to remove unreacted starting 
material, cooled and filtered again to give 2-[2-(2-aminpphenyl)ethyl]benzoic acid hydrochloride (10.5 g, 88 
%). 



b) 2-[2-(2-(phenylmethoxycarbonylamino)phenyl)ethyl]benzoic acid 

A suspension of 2-[2-(2«aminophenyl)ethyl]benzoic acid hydrochloride (339 mg, 1 mmol) in aqueous 
sodium hydroxide (1N f 2 mL) was stirred vigorously and treated simultaneously with benzyl chloroformate 
(170 mg; 1 mmol) and aqueous sodium hydroxide (1 N, 1 mL). The reaction mixture was stirred for 16 h, 
acidified with dilute hydrochloric acid and filtered. The solid was washed with water and hexane, dissolved 
with methylene chloride, and the organic phase was washed with water, dried with magnesium sulfate, 
filtered and concentrated in vacuo. The resulting solid was triturated with ether to give 2-[2-(2- 
(phenylmethoxy-carbonylamino)phenyl)ethyl]benzoic acid (0.2 g, 53 %). 



c) t-butyl 2'[2-(2-(phenylmethoxycarbonylamino)phenyl)ethyl]benzoate 

A solution of 2-[2-(2-(phenylmethoxycarbonylamino)phenyl)ethyl]benzoic acid (5.2 g, 0.014 mol) in 
methylene chloride (100 mL) was treated with isobutylene (15 mL) and sulfuric acid (0.14 mL) and stirred at 
room temperature. Isobutylene was added over the period of several days until the reaction was complete. 
The reaction mixture was washed with 5 % aqueous sodium carbonate and with water. The organic phase 
was dried with magnesium sulfate and concentrated in vacuo to give an oil which was purified by 
chromatography (silica gel, hexane:ethyl acetate 95:5) to give t-butyl 2-[2-(2- 
(phenylmethoxycarbonylamino)phenyl)ethyl]-benzoate (1.8g, 31 %). 



d) t-butyl 2-[2-(2-aminophenyl)ethyljbenzoate 

A solution of t-butyl 2-[2-((phenylmethoxycarbonylamino)phenethyl]benzoate(1 .8 g, 4 mmol) in ethanol 
(140 mL) was treated with 10% palladium-on-carbon (250 mg) was shaken with hydrogen until uptake 
ceased. The mixture was degassed, filtered and concentrated in vacuo. The residue was purified by 
chromatography (silica gel, petroleum ethenethyl ether 9:1) to give t-butyl 2-[2-(2-aminophenyl)ethyl]- 
benzoate (1.0 g). mp 58-59 ' C. 



e) t-butyl 2-[2-(2-(N 0f -FMOC-Asp(O-Bzl)-amino)phenyl)ethyl]benzoate 

To a cold solution of FMOC-Asp(O-Bzl) (490 mg, 1.1 mmol) in THF (5 mL) and N-methylmorpholine 
(133 jxL, 1.2 mmol),was added isobutylchloroformate (156 uL, 1.2 mmol) dropwise. The reaction mixture 
was stirred for a few minutes, then a solution of t-butyl [2-(2-aminophenethyl)] b nzoate was added (295 
mg, 1.0 mmol) in THF (3 mL). The reaction mixture was allowed to warm to room temperature, and stirred 
for' 18 h. Upon completion of the reaction (TLC monitored), the reaction mixture was concentrated to 
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dryness. The residue was dissolved in ethyl acetate (40 mL). and was hed j*™*^*" ^ 
1, 10 % aoueous Na ,C0 3 (2 x 15 mL), water (3 x 15 mL) and saturated salt solut.on (1 x 15 mL). The 
^SJ^STii^ nJsO.). filtered and concentrated to yieid the tit.ed compound (700 

mg). 

s 

f) t-butyl 2-[2-(2-(Gly-Asp(Q-Bzl)-amino)phenyl)ethyl)lbenzoate 

t- Butvl 2.[2.(2-(N»-FMOC-Asp(0-Bzl)-amino)phenyl)ethyl]benzoate (580 mg. 0.8 mmol) was treated with 
ni Jlfc? a II in I % in DMF) for 45 min at room temperature. The solvent was removed under vacuum 
ESTlw^J JiS^lJUn-hyM*"- as a white solid. To a solution of the residue ,n 
! L DMP m mL was added HOBt (135 mg. 0.88 mmol). FMOC-Gly ( 262 mg. 0.88 mmol) and DIEA (153 
1, 7 LI SfowedTv EDC (170 mg. 0.88 mmol) and stirred overnight. The reaction m.xture was 
££££ "to a^d the lidue las dissolved in ethy. acetate. The ethyl acetate extract was 

washed Massively with water (3 x 15 mL). 10 % aqueous NaHC0 3 (2 x15 mL . water (3 x 5 mL) a d 
saturated salt solution (1x15 mL). The organic solvent was dned (anhydrous Na^SCfc) filtered and 
concentrated to yield the titled compound, which was recrystallized from etherhexane (190 mg). The FMOC 
group on the N"-FMOC-Gly was apparently lost dunng work-up 

^t 1 butvl 2M2-(2-(Boc-MeArg(Tos)-Gly-Asp(0-Bzn -amino)phenyl)ethyl1benzoate 

To a cold solution of the compound of Example 30f (140 mg. 0.25 mmol) and Boc-MeArg(Tos) (I33rng 

reaction mixture was allowed to warm to room temperature and stirred for 18 h. The reaction m.xuire was 
SrST dryness. The residue was taken into ethyl acetate, and washed successively with water (3 x 
Z mLMot JZZ?m*X>, (2 x 15 mL). water (3x15 mL) and saturated salt solution (1x15 ^rnL). The 
orga^c solvent was dried (anhydrous Na 2 SO.), filtered and concentrated to y.eld the titled compound (120 
30 mg). 

h) 242-(2-(MeArg(Tos)-Gly-Asp(0-Bzl)-amino)phenylethyl] benzoic acid 

The compound of Example 30g is treated with 50% TFA solution in methylene chloride, at room 
.emp^lTfor 2 h The so Jnt is removed and methy.ene chloride is evaporated from the res,due severe, 
times to eliminate traces of TFA to yield the titled compound. 

n cvclo-(1.3)-NM2-(2-(2-amido-phenyl)ethyl)benzoyl]-MeArg-G ly-Asp-amide 

To the orotected linear peptide of Example 30h. NMM (5 equivalent) was added, followed by PPA (1j? 

After Erring 1 h at o'C. another portion of PPA was added and stirring was continued 
Tit h R^movai L so vent and titration of the residue with water yields the cyclized protected 

titled compound. 

Example 31 
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55 Preparation of (2R,3S)-3-phenylcysteine 

a) /4SV3^(4 / S.5 m-S-phenyl-a ^ioxo-4 -oxazolidinyl) carbonvlH-(phenylmethyl)-^oxazolidinone (1) 
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To a -78 *C suspension of freshly prepared stannous triflate (washed under argon with anhydrous ether 
thre tim s previously) (7.2 g, 17.6 mmol) and N-ethylpiperidine in dry THF (60 mL) 3-(isothiocyanoacetyl)- 
2-oxazolidinone (4.4 g, 15.8 mmol) in THF (20 mL) was added. The pale y How solution was stirred at 
■78' C for 2 h allowing the solution to warm to - 40* C for 5 min, after cooling again at -78 C, benzaldehyde 
(2 02 g 19.1 mmol) was added neat. After the reaction mixture was stirred at -78 C for 2.5 h, it was 
quenched by the addition of 40 mL of aqueous pH 7 phosphate buffer. The resultant slurry was filtered 
through Celite®. The filtrate was diluted with 200 mL of 1 N aqueous sodium bisulfate and extracted with 
CI 2 CH 2 (3x). The combined organic phases were dried over anhydrous sodium sulfate and concentrated. 
Volatiles were removed in vacuo. The residue was dissolved in 200 mL of aqueous sodium bisulfate The 
residue was purified by flash column chromatography (silica, methylene chloride) to afford the title 
compound 1 (5.3 g. 87%) . 'H NMR (CDCfe) •« 2.980 (dd. J = 13.6. 8.5 Hz. 1 H, CHH Ph). 3.236 (dd J - 
13.6.3.5 Hi 1 H, CHH Ph). 4.350-4.382 (m. 2 H. H-5), 4.729- 4.823 (m. 1 H. H-4), 4.986 (dd. J = 5.2, 1.9 
Hz. 1 H, C(S)NHCH ).6.467 (d. J = 5.2 Hz. 1 H. C(S)OCH ). 7.206-7.449 (m. 10 H). 

b) methyl (4S.5R)-5-phenyl-2-thioxooxazolidine-4-carboxylate (2) 

To a 0* C solution of aldol product 1 (6.96 g, 18.2 mmol) in anhydrous methanol (42 mL) and CI 2 CH 2 - 
(42 mL) was added via canula a suspension formed by the addition of methylmagnesium brom.de (6.7 mL, 
20 02 mmol 1 1 equiv., 3 M in diethyl ether) to anhydrous methanol (25 mL). After the reaction mixture was 
stirred for 3min. it was quenched by the addition of 50 mL of 1 N aqueous sodium bisulfate. Volatiles were 
removed in vacuo. The residue was dissolved in 200 mL of aqueous sodium bisulfate and extracted with of 
CI 2 CH 2 (3x). The combined organic phases were dried over anhydrous sodium sulfate and concentrated. 
The residue was purified by flash column chromatography (silica, 5:5:1 methylene chloride/ether/methanol) 
to afford of the title compound (4.18 g , 96%) 2 . <H NMR (CDCIa) S 3.875 (V 3 1 HV 4-534 (d I J = 6.1 Hz. 1 
H. H-4), 5.967 (d. J = 6.1 Hz. 1 H. H-5). 7.414 (s. 5 H); «C NMR (CDCI3) .« 53.4, 64.6. 85.6. 125.6. 129.1. 
129.5, 136.7, 168.5. 188.8. 

30 c) methyl (4S.5R)3-((tert-butyloxycarbonyl)- 5-phenyl-2-oxazolidine-4-carboxylate (3) • 

To a well-stirred solution of the thiooxazolidinone 2 (4.18 g, 17.6 mmol) in CI 2 CH 2 (80 mL) at room 
temperature di-t-butyl pyrocarbonate (4.25 g, 19.36 mmol) and dimethylaminopyridine (110 mg. 0.05 equiv) 
were added dissolved in CI 2 CH 2 (8 mL). After the reaction mixture was stirred for 30 min, it was cooled to 
0'C and 30% aqueous H 2 0 2 (44 mL) and 88% formic acid (44 mL) were added. The resultant two-phase 
mixture was stirred for 30 min and then poured into 1 M aqueous potassium carbonate (500 mL The 
aqueous solution was extracted with CI 2 CH 2 (3x). The combined organic phases were washed with 1 M 
aqueous potassium carbonate, dried over anhydrous sodium sulfate, and concentrated to give a foamy oil 
(5 6 g. 100%). The oil was purified by a flash column chromatography (30% ethyl acetate/hex^e) to give 
he desired Boo protected oxazolidinone 3 (5.4 g. 95%). 'H NMR (CDCIa) .« 1.504 9 H) 3385 (* .3 H) 
4.642 (d. J = 4.3 Hz. 1 H, H-4), 5.389 «fJ = 4.3 Hz, 1 H, H-5), 7.401-7.462 (m, 5H); «C NMR (CDCI3) .S 
28.2, 53.3, 63.8. 76.0, 84.9, 125.2, 129.3. 129.6. 137.3. 150.8, 169.1. 

d) methyl (2S.3R)2-((tert-butyloxycarbonyl)amino)-3-hydroxy-3-phenylpropionate (4) 

To a room temperature solution of methyl ester 3 (5.6 g. 17.6 mmol) in dioxane (300 mL) was added 
freshly prepared 2 N aqueous lithium hydroxide solution (44 mL, 88 mmol). The resultant suspension was 
stirred at room temperature overnight. Volatiles were removed in vacuo. The residue was dtssoh/ed in 1 N 
aqueous sodium bisulfate (300 mL) and extracted with CI 2 CH 2 (3x). The combined organic phases were 
dried over sodium sulfate and concentrated, the residue was then redissolved in ether (300 mL) and, after 
cooling to 0*C. a solution of ethereal diazomethane was added until a pale yellow color persisted. The 
solution was stirred at 0* C for 15 min and at room temperature for 30 min. The solvent was leMted \«d 
the residual foamy oil was purified by flash column chromatography (s.hca. step gradient 30/. ethy 
acetate-hexane. 50% ethyl acetate/hexane) to give the desired Boc protected amino alcohol 4 (4.01 g, 81 %) 
followed by the de-Boc oxazolidinone (460 mg, 12%). The amino alcohol ■ ♦ was , obtained 
which crystallized, mp 101-102*C (ether-hexane); IMP. = -15.1 (c = 0. 93 . . OW* W NMR (CDCI3 1 J 
1.333 (s. 9H). 2.704 (bs. 1 H. OH). 3.761 (s, 3 H), 4.501 (bd. J = 6.6 Hz. 1 H. HO-), 5.237 (dd, J - 3.5, 3.4 
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II * u\ =P73 5351 # m 1 in 7287-7362 (m, 5H) ; ,3 C NMR (CDCfe) •« 28.1. 52.4. 59.5. 73.8, 80.0, 126.0. 
ml iSi ItZbITr ^3440 W 2980. 1745 , 1705 , 1525 1165 on-; MS m/z 296 
[M + H]*; Anal. Calcd. for C.HaiOsN: C. 61.02; H. 7.12. Found: C. 59.96; H. 6.94. 

e) methyl (2S.3R)-2K(tert-butyloxycarbonyl)arnino)-3-rnethane S ulfonyl-3-phenylpropio nate (6) 

" "^oTsolution of alcoho. 4 (0.94 g. 3.18 mmol) and NEta (0.73 g. 7.18 mmol) at 0* C in CfeCH* <10 mL) 
methanesu.»ony. chloride (418 mg, 3.65 mmo,) was added. The ^^Z^l^™ 
for 45 min. It was then quenched with cold dilute HCI. diluted J«^^^*J^JK W S 
washed with an aqueous solution of NaHC0 3 followed by brine and dned over ^SO*. The soiven as 
Snatedt vacS and the crude mesylate 6_ was obtained as a foamy white .solid •» 
next step without further purification. 'H NMR (CDCI3) .5 1 417 s 9 H) 2910 (s. 3 H «^ M« *3 
H CH,0-> 4 853 (dd J = 9.6. 6.6 Hz. 1 H, H-C2 . 5.173 (bd, J = 9.6 Hz, 1 H. H-N), 5.H9J (o^d 
S 7 389-7 400 (m. 5H); IR (KBR) 3400. 2980. 2950. 1745. 1715. 1520. 1360. 1180 cm '. 

fl methvl (2R,3S)3-(acetylthio)2-((tert-bufyloxycarbon vl>amino)-3-phenylpropionate (7) 

solution of mesylate 6 (1.18 g. 3.16 mmo.) in DMF (10 mL) aP^^ «** J" 
thiolacetic acid (formed by adding thiolacelic acid (1.2 g. 15.8 mmo.) to a soubon -J^^*^ 

2960. 1750. 1690, 1520. 1340, 1170 cm"!; MS m/z 354 [M + H] ; Anal. Calcd. for C^aOsNS. C. 57.79, H. 
6.51. Found: C. 57.64; H. 6.59. 
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m methvl (2R.3S)-2-((tert-butyloxycarbonyl)amino)-3-m ercapto-3-phenylpropionate (9) 

The acetylated thiol 7 (290 mg. 0.82 mmol) was dissolved in methanol (4 mL) and NaOH was added 
(4 1 mL StZ-i reacL was stirred at room temperature for 20 min monrtore^ by TUfcThi 
iLnwasthe^yne^ 

desired' thiol 9 (242 mg. 95%) as a white so.io. mp 76-77 C • Jf j .°S 

CHCI3); 'H NMR (CDCb) .•• 1-392 (s 9 H) 2.20 O - 7.3 £*8H J, 3.698 (s 3 H) 4^ 1 ( 

5So, 1685. 1530, 1165 cm-; MS m/z 312 [M + H] ;. Anal, calcd. for C, 5 H 21 0*NS. C. 57.88. H. 6.75. 
Found: C. 58.08; H. 6.88. 

h) (2R,3S)-2-((tert-butvloxycarbonyl)amino)-3-((4-methylbenzyl) thio)-3-phenylpropionic acid (10) 

* 1 ,»h ♦hini 7 <™ ma 1 47 mmol) was dissolved in methanol (8 mL) and NaOH was added 

o u h%# Tin Ths solution was carefuly neutralized witn anuie nui. mo vuiau 
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3.515 (d. J = 13 Hz. 1 H). 4.194 (d. J = 13 Hz. 1 H), 4.790 (bs. 1 H), 4.931-5.050 (m, 1 H). 5J50-MS2 
(bs 1 H), 7.082 (s. 4 H). 7.287-7.307 (m. 5 H); IR (KBr) 3380. 3000. 1700. 1515. 1170 cm «. MS m/z 402 
[M + H]*;. Anal. Calcd. for C2 2 H 27 0*NS: C. 65.81; H, 6.78. Found: C. 65.91; H, 7.00. 



Example 32 



is 



20 



25 



jo Preparation of (2R.3R)-3-phenylcysteine: 

a W4RV3-((2'R.3 , S)-2^bromo-3 , -hvdroxy-3'-phenvlpropanoyl)4-(ph envlmethyl)-2-oxazolidinone(l2) 

To a -78* C suspension of 3-(bromoacetyl)-2.oxazolidinone 11 (4.74 g. 15.9 mmol) ^WhjJe^gO 
mU were added trietylamine (2.25 g. 22.2 mmol) and freshly distilled di-n -butylboryl Inflate. The cooling 
b^w^rlotdand the solution was stirred at room temperature for 2 h. The .result two-p asebrown 
milre was gradually cooled to -78*C and benzaldehyde was added neat (1.27 g. 11.9 mmol^ Afte fte 
Son mJre wastfirred at -78' C for 30 min and C C for 2.5 h. it was diluted I with ether 
N aqueous sodium bisulfate (2x) and water, and concentrated. The residue was dissolved m ether (30 mL) 
and cooled to 0* C. The residue was added dropwise to mixture of methanol and 30% aqueous hyd ogen 
peroxide , so mL). The reaction mixture was stirred at 0* C for 1 h, then carefully poured .nto saturated 
aqTous sodium bicarbonate, and extracted with ether (2x). The combined organ* phases ■ were ^she d 
wfth saturated aqueous sodium bicarbonate (2x), dried over sodium sulfate, and concentrated t,^ 
white solid, which was purified by flash column chromatography (silica, 2% ethyl acetate/methylene 
chloride) to yield the bromohydrine 12 (3.62 g, 75%). 

b) (4RV3-((2S.3'S)-2'-azido-3 , -hydroxy3 , -phenylpropanoyl)-4-(ph envlmethyl)-2-oxazolidlnone (13) 

A solution of aldol adduct 12 (3.1 g. 7.67 mmol) and sodium azide (0.99 g. 15.3 mmol) in DMSO (26 
mL) was stirred at room temperature for 5 h. The resultant dark solution was d.luted w.ft a 21 
hexane/methylene chloride, washed with water (4x). dried over sodium sulfate and .~ ncen Jf d * a pah 
oil. which crystallized. Purification by recrystallization from ether/hexane gave the az.de 13 (2.2 g 8C I /. ■« 
35 a white solid, which crystallized, mp 115-116' C (ether-hexane); [ B F 0 ' ~ 2 0 % C ^'(dd J = 

(CDCIs) S 2 745 (dd, J = 13.6, 9.6 Hz. 1 H. CHH -Ph), 2.949 (d, J = 6.6 Hz. 1 H. -OH). 3.310 (dd, J - 
3 6 3 4 Hz 1 H CHH ph). 4.199-4.274 (m, 2 H, H-5) 4.714-4.752 (m. 1 H. H-4). 5.075 (dd. J = 8.5. 6.6 Hz, 
H CH -OH) 5383Td J= 8 5 Hz= 1 H, CH N 3 ). 7.197-7.532 (m. 10 H). «C NMR <CDCI 3 ) .a 37.3. 55.5. 
3": 6-6.5°74.8 lS.^27.3 8 128^ 128.8, tJ. 129.3. 134.8,139.5, 153 3 .» IP I (KBr) 3420. 3025. 
2100. 2760. 1700. 1400; 1225 cm" 1 . MS m/z 349 [M + H-H 2 0] . Anal. Calcd. C, 9 H, 8 04N*. C, 62.29. H, 
4.95;' N. 15.29. Found: C. 62.03; H. 5.06; N. 15.23. 

c) >methyl (2S,3S)-2-azido-3-hydroxy-3-prienylpropionate (14) 

To a 0'C solution of the azide 13 (1.52 g. 4.15 mmol) in anhydrous methanol (£ I mL) and CI 2 CH 2 (8 
mL). a suspension formed by the a-ddition of methylmagnesium bromide (5.2 mL, «mrt0j8Mm 
1 yl ether) was added via canula to anhydrous methanol (5 mL). After ft. reactor JJ-£*«J 
3 min. it was quenched by the addition of 20 mL of 1 N aqueous sod.um b.sulfate and extracted with 
meTy ene Sloride (3x). Tne combined organic phases were dried over anhydrous sodium sulfate and 
c^nceSed. The residue was purified by flash column chromatography (siitea. , meftylene ;*'°"*> * 
afford the title compound 14 (807 mg. 88'/.) as a white solid which crysta .Pzec L mp 40- 41C « e 
hexane); 'H NMR (COCI3) .r3.084 (bs. 1 H. -OH). 3.774 (s 3 H) 4108 (d , J - 7 Hz 1 H • ^3). 5^3 
M 1 — fi A Hz 1 H H C- OH) 7372 (S, 5 H); ,3 C NMR CDCI 3 ) J 52.6, 74.5, 126.6, 128.6, 128.7, 136.1. 
S693 » (KB?350^^ 1740, 1460. 1440 cm-; MS m/z 238 [M + NH*]; Anal. Ca.cd. 

CioHii0 3 N 3 ): C, 54.30; H, 5.01; N, 19.00. Found: C. 54.31; H, 5.08; N, 18.78. 
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d) methyl (2S,3S)-2-((tert-butyloxvcafbonyl)amino)-3-hydroxy3-phen ylpropionate (15) 

Comm rcially available Palladium on charcoal (80 mg) in ethyl j rcetate ^ST^mg 
under a hydrogen atmosphere for 15 min. To this suspension, a m.xture of the az.do alcohol U _ < 8M m g. 
3 ?mmo«) y and g di-t -butyldicarbonate (943 mg. 4.32 mmo.) in ethyl ^^^^^SlZ 
mixture was stirre'd under hydrogen at room temperature for 2 h (monitored by TLC) and was mxerea 
E2S r C eli S Th « was concentrated in vacuo and the white solid was purified by flash «* umn 
S roXogShy (silica. 30% ethyl acetate/hexane) to give the desired Boc protected am.no^ooho. « » 
g . 98%) as a white solid, which crystallized, mp 101-102 C A*Po - ♦83-3 £ J 05 

CHCb); 'H NMR(CDCIs) .5 1.433 (s. 9 H). 3.701 (s. 3 H). 3S29 (bd J - 5.3 Hz H. HO ) 4710 4.7b0 (m, 
1 m s IRS-B 188 [m 1 H) 5 190-5.310 (m. 1 H). 7.248-7.380 (m, 5 H); ,3 C NMR (CDCI3) .« 28.2. 5Z.Z. S».r. 
748 SrSf! ?27 9 128 2 139.3. 56.1. 70.1; IR (KBr) 3450. 3390. 3000. 1760. 1710. 1530. 1280, 
WO cm MS m/z^6 [M + H]*; Anai. calcd. for C, s H 2 ,0 5 N: C. 61.02: H. 7,2. Found: C. 60.96: H. 6.96. 



el methyl (2S,3S)-2-((tert-butyloxycarbonyl)amino)-3-methanesulfonyl-3 -phenylpropionate (16) 

To a solution of alcohol 15 (1.94 g. 6.81 mmo.) and triethylamine (1.25 g. 124 «* < %CHj 
MS iu methanesulfonyl chloride (0.96 g. 8.4 mmol) was added. The reaction m.xture was allowed to stir at 
20 0- C for 20 mTn It was quenched with cold dilute HCI. diluted with C. 2 CH 2 and the organic layer was 
washed wimraqueous solution of NaHCOa followed by brine and dried over ^SO- The solvent was 
ZTJt TvLo'and the crude mesylate 16 was obtained as a , 0 am * « ?S ^ 

25 7.425 (m. 5 H). 

i) methvl (2R.3R)3-(acetylthio)2-((tert-butyloxycarbonyl) amino)-3-phenylpropionate (17) 

To a solution of mesylate 16 (2.72 g. 7.29 mmol) in DMF (7 mL) the potassium salt of thiolacetic acid (3 
g Jg mmoTv^ added at oTce. The solution became very thick and additional DMF was sadd* i£ <rU 
Tne^olutton was kept under argon at room temperature for 20 h. It was quenched wrth water diluted with 
?c£ an vThS w^ater V The organic layer was dried over Na 2 SO*. The solvent was. removed 
m val TlZ ^e pToduct contained a 6:1 mixture of the desired product 17 and 

solid. 87-88 C (ether-hexane); [ap D = -97.2 (1.0. CHCI 3 ), H nmk * 526 4(bd J = 

378 15^ ll 1931. R (KBr) 3380. 2990. 2960. 1745 1690 1520 ^ 1240 1170 cm MS m/z 354- 
[M + H]*; Anal. Calcd. C,7H 23 0sNS: C, 57.77; H, 6.56; N. 3.97. Found: C. 58.05. H. 6.92. N. 3.73. 

4S g) methyl (2R,3R)-2-((tert-butvlo^ ^ ^ 

Th. «.«h*H«H thiol 17 (500 mo 1 4 mmol) was dissolved in methanol (2 mL) and NaOH was added 
(1 6 mL 1M q^us). S, wed b y bromoxilene (300 mg. 1.62 mmol). After 20 min most oi f the , starting 
£2£l!J dSpeared (monitored by TLC). The solution £ 

H), 2.326 (S, 3 H). 3.393 (d. J = 13 Hz. 1 H). 3^551 (d J " * Hz * ^^fc^^* 107 (m 4 H)- 
C, 65.76; H, 7.08; N, 3.33. Found: C, 65.59; H, 7.03; N, 3.36. 
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h) (2R,3R)-2-((tert-butyloxycaffaonyl)amino)-3-((4-methylbenzyl)thio)-3-phenylpropionic acid (19) 

The methyl ster 18 (380 mg. 0.91 mmol) and anhydrous lithium chloride (376 mg, 8.89 mmol) w re 
dissolved in dry DMFTiO mL). The reaction mixture was heated at 90* C for 4 days. The reaction nurture 
was cooled to room temperature, quenched with diluted HCI and extracted several times with ethyl acetate 
The organic layer was washed with brine and dried over Na 2 SO*. The crude product was purified I by flash 
column chromatography (silica, step gradient 20% ethyl acetate/hexane. 25% ethyl acetate/5 /. ace ic 
acid/hexane) to produce recovered starting material 18 (75 mg. 20%). followed by the desired carboxyl.c 
acid as a white solid, which was recrystallized (341 mg. 77%). mp 107-108 C (ether-hexane); [»]»„ - 
-143.7- (c = 1.66, CHCIa); <H NMR (CDCIa) JS 1.379 (s. 9 H). 2.300 (S. 3 H). 3.460 (d J - Hz. 1 H). 
3.588 (d. J = 13.3 Hz. 1 H). 4.242 (d.J = 5.5 Hz. H-3), 4.646 (dd. J = 8.7, 5.5 Hz, 1 H. H-2), 5.27 (bd. J 
= 87 Hz 1 H. H-N). 7.055 (s. 4 H). 7.259-7.340 (m, 5 H); «C NMR (CDCIa) J 21.1. 28.2. 35.5. 50.8. 58.1. 
805 127.9, 128.6. 128.9. 129.2. 133.9. 136.9, 138.1. 155.3. 174.5; MS m/z 401 ([M + H] ; Anal. Calcd. for 
C 2 2H 2 70«NS: C, 65.81; H, 6.78; N. 3.48. Found: C. 65.83; H. 6.92; N, 3.57. 
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Example 33 



Parenteral Dosage Unit Composition 



A preparation which contains 20 mg of the compound of Example 1 or 2 as a sterile dry powder is 
prepared as follows: 20 mg of the compound is dissolved in 15 ml of distilled water. The solution lis filtered 

26 under sterile conditions into a 25 ml multi-dose ampoule and lyophilized. The powder is "OonrthAd by 
addition of 20 ml of 5% dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is 
thereby determined by the injection volume. Subsequent dilution may be made by addition of a metered 
volume of this dosage unit to another volume of D5W for injection, or a metered dose may be added to 
another mechanism for dispensing the drug, as In a bottle or bag for IV drip infusion or other injection- 

30 infusion system. 

Example 34 



35 



40 



45 



50 



55 



Oral Dosage Unit Composition 

A capsule for oral administration is prepared by mixing and milling 50 mg of the compound of Example 
3 with 75 mg of lactose and 5 mg of magnesium stearate. The resulting powder is screened and filled into a 
hard gelatin capsule. 

Example 35 



Oral Dosage Unit Composition 

A tablet for oral administration is prepared by mixing and granulating 20 mg of sucrose, 150 mg i of 
calcium sulfate dihydrate and 50 mg of the compound of Example 3 with a 10% gelatin solut.cn .The jet 
granules are screened, dried, mixed with 10 mg starch, 5 mg talc and 3 mg stearic acid; and compressed 

int0 ?he ab io V e description fully discloses how to make and use this invention. This invention, however is 
not limited to the precise embodiments described herein, but encompasses all mod»f.cat.ons within the 
scope of the claims which follow. 
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Claims 

1 . A compound of the formula: 



\ 

Z x-A 1 -A- <B-Gly-Asp-Q) n " M ~ Z 2 

(I) 



10 



wherein: 

iiSSXS.'ZZZ'** M. *» H** N*» (MM*,, (ft*,. * Ghr. HI, 

2 o substituted derivative thereof; 

M is Gly or D or L Glu, Phe, Pro, Lys. Ser or, provided n is 1 . B-Gly-Glu-Q, 

W is halogen or Alk; 



R is Alk or PhCH 2 ; 



Zi is 



30 



35 



40 



X or 



,L 1 - 



22 is -HN' 



-L 2 



M-^V^ , -HN H? 




-HN-fr I tR; 



-L 2 



-HN or 



wherein Z, and Z 2 are linked via a covalent bond between V and L 2 ; or Z, and Z 2 are. taken together, 

between the amino terminal residue and the carboxy termmai res-due, 
L 1 and L 2 are -S- or -(CH 2 )p-; 
so X is R*RsN or H; 

YisH, CONR,R 2 or C0 2 R 2 ; 

R, and R 2 are H, Alk or (CH 2 )pAr, 

R 3 and Ry are H. Alk. (CH 2 )pAr or taken together are -(CH 2 ) t - or -(CH 2 )s . 
ss I is Hu. ZcO, R„0CO. R„OCH( Rl ,)CO. RnNHCH^CO. R, , SCH(R,,)CO. R„S0 2 or R„SO : 
FU is Alk, OAlk, halogen or X; 

R 7 is H, Alk, OAlk, halogen or Y; ./ph^- 
and Rr are H, Alk, (CH 2 ) P Ph. (CH 2 ) p Nph or taken together are -<CH 2 ),- or .(CH 2 )s . 
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R g is H, Alk or Y; 

q 10 !fnH p f ^am H Ci -*aikvl C 3 -7cycloalkyl, Ar, Ar-Ci -salkyl. Ar-Ca-rcycloalkyl; 

S'is^en; 1 . cTphenyUubSuted b/one o7*o C-salky.. trif.uorome.hy.. hydroxy, C,- 5 a.Koxy or ha.og n 

groups; 
n is 1 or 2; 
q is 0 or 1 ; and 
p is 0, 1 , 2 or 3 

and pharmaceutically active salts thereof; APmn v 
provided that when n is 1 and z, is X-Cys, X-Pen or X-APmp. Z 2 is not Cys-Y, Pen-Y or APmp Y. 

2. A compound according to claim 1 in which V and I 2 are each sulfur. 

3. A compound according to claim 2 in which Z^ is 



15 



20 



s- 
co- 



25 



4. A compound according to claim 2 in which in which Z 2 is 

5. A compound according to claim 1 in which Zi and Z 2 are a covalent bond derivative of Ara 0 r 

6. A compound according to claim 1-5 in which B is Arg, HArg or an «-R substituted derivative of Arg 

30 ^compound according to claim 1-6 in which A and A are absent. 

8. A compound according to claim 4 in which B is MeArg. 

9. A compound according to claim 1 which is: 
cyclo(S,S)-Mba-Arg-Gly-Asp-Cys-NH 2 ; 
N a -Ac-cyclo(S,S)-Cys-Arg-Gly-Asp-Man; 

35 cyclo(S,S)-Mba-MeArg-Gly-Asp-Man; 

cyclo(S,S)-Mba-MeArg-Gly-Asp-Pcs-NH 2 ; 

cyclo-(S,S)-Mba-Sar-Arg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-Sar-MeArg-Gly-Asp-Man; 

cyc!o-(S,S)-Mba-Arg-Gly-Asp-Man; 
40 C yclo-(S,S)-Mba-D-MeArg-Gly-Asp-Man; 

cyclo(S,S)-Mba-MeArg-Gly-Asp-N-Me-Man; 

N a Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp-{2R,3S)Pcs-NH 2 ; 

N tt Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asr>(2R,3R)Pcs-NH 2 ; 

N-Ac-cyclo-(S.S)Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 ; 
45 N 8 Ac-cyclo-(S,S)-Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Pen-NH 2 ; 

N°Ac-cyclo-(S,S) Cys-Arg-Gly-Asp-Ser-MeArg -Gly-Asp-Ser-Cys-NH 2 ; 

N"Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp-Ser-Arg -Gly-Asp-Ser-Cys-NH 2 ; 

N n Ac-cyclo-(S,S)-Cys-Arg-Gly-Asp-Ser-Lys-Gly-Glu-Ser-Cys-NH 2 ; 

cyclo-(1a,6 7 )-Gly-Arg-G!y-Asp-Ser-Glu-NH 2 ; 
50 cyclo-(1a,6 7 )-Gly-MeArg-Gly-Asp-Ser-G!u-NH 2 ; 
cyclo-(l 3)-Arg-Gly«Asp-Phe-Arg-Gly-Asp-Phe; or 

cally acceptable carrier. 
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ST- ST.K££ - an, on, « mm »** — - »' • — — " « 

« I . intfMM tot .Met* Onrtdy* «l W**« »«c**" <* » M " > " " a mamma ' 
17. A compound of the formula: 

to S-T 1 S-T 2 

1 I 

2 x - A 1 - A- (B-Gly-Asp-Q) n -M-Z 2 
f5 (ID 

wherein: 

2 o ^£?«Sh?S ^oacid chosen from Arg. HArg. (Me 2 )Arg. (EtaJArg. Abu. Ala. G.y. His, Lys. or 

x: 'sm sfsrisa ^ ^ **» Lys or an 

Qtlerfort'D or L amino acid chosen from Tyr. (A lk )Tyr. Phe. (4W)Phe. HPhe. Phg .Pro. TrP . Hjj 
» Sort Wer! Th, (Ai k )Thr. (A.k)Cys. (AikJPen. Ala. Val. Nva. Met. Leu. i.e. Nle or Nal. or an a R 



substituted derivative thereof; 
M is Gly or D or L Qlu, Phe, Pro, Lys, Ser or. provided n is 1. B-Gly-Glu-Q, 

W is halogen or Alk; 
R is Alk or PhCH 2 ; 



30 



, 1 



35 



40 



X or 



Z 2 is -HN 

-L 2 




50 



-HN or 



wherein Z, and Z 2 are linked via a covalent bond between V and L 2 ; 
D and L 2 are -S-; 
55 T is hydrogen or a displaceable group; 
Xis FURsN or H; 
Yis H, CONR1R2 or CO2R2; 
R, and R 2 are H, Alk or (CH 2 )pAr; 
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R 3 and R 3 - are H, Alk, (CrfeJpAr or taken together are -(CH 2 )»- or -(CH 2 )s-; 

R s Is rZ RmCO. RnOCO. RnWrW R,,NHCH(R„.)CO. R„SCH(R,,>CO. RnSOa or R„SO; 
Rs is Alk, OAlk, halogen or X; 
s R? is H, Alk, OAlk, halogen or Y; #rn.w 
R^ and R* are H, Alk. (CH 2 ) p Ph. (CH 2 ) p Nph or taken together are -(CH 2 )<- or -(CH 2 )s , 

R 9 is H, Alk or Y; 

groups; 
n is 1 or 2; 
q is 0 or 1; and 

„ provSed ISLn n is 1 and Z, is X-Cys. X-Pen or X-APmp, Z 2 is not Cys-Y. Pen-Y or APmp-Y, and 
18. A process for preparing a compound of the formula: 

s ■» 

I I 

20 Zj-A'-A- (B-Gly-Asp-Q) n-M-2 2 

(III) 

25 wherein A. A. B. Q, M, Z,. Z 2 and n are as previously defined in cteim 1 and L- and L 2 are each S, whioh 
comprises, 

a) oxidatively cyclizing a compound of the formula: 
so - -1 S-T 2 

1 

fc^A'-A- (B-Gly-ASp-Q) n-M-Z 2 



35 (II) 



40 



50 



wherein: 



S; and 

V and T 2 are H, or 



■»5 19 A process for preparing a compound of the formula: 



( ' 1 

Z i-A « -A- (B-61y-A3p-Q> n 'Vl' z Z 

(V) 



55 



wherein: 



carboxy terminal residu 
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which comprises, 

i) cyclizing with a coupling reagent a compound of the formula: 
H-[Z 2 -Zi-A'-A-(B-Gly-Asp-Q-) n -M]-OH 

when L 1 and L 2 are (CH 2 ) P ; or 
H-[A-A-(B-GIy-Asp-Q-)„-M]-OH 



when Zi and Z2 are, topether, a covalent bond; 
wSerefn H and OH represent the amino and carboxyl residues of any two adjacent residues m the 
peptide and A. A B, Q. M and n are as defined in claim 1 with any reactive groups o P t,onaii y 



protected, and 
70 ii) removing any protecting groups. 

Claims for the following Contracting States: GR 

1.A process for preparing a compound of formula: 



75 



20 



( ' \ 

Z x-A'-A- (B-Gly-Asp-Q) n "M-Z 2 

(I) 



wherein: 

25 iSttX&TZEZ* ^sen fro. Arg, HArg. NArg. (Me 2 )Arg. (E.JArg. Abu. Aia. Q.y. His. 
K XXttSSttSXiZ (Eta)Arg, L ys or an <»-r' substtuted derivative 

S i^osent or a D or L amino acid chosen from Tyr. (A.k)Tyr, Phe. (4*W)Phe, HPhe Phg. 
30 Ser. (Alk)Ser. Thr. (Alk)Thr. (Alk)Cys. (Alk)Pen. Ala. Val. Nva, Met. Leu. He. N.e or Hal. or an «-R substrtuted 
derivative thereof; 

M is Giy or D or L Glu, Phe, Pro. Lys. Ser or. provided n is 1 , B-Gly-Glu-Q; 
W is halogen or Alk; 
R is Alk or PhCH 2 ; 



35 




L 1 - 



X or 



50 



Z2 is -HN 



.j 2 
-J- 

55 -HN or 



L 1 - 




CO- 



wherein It and Z 2 are linked via a covalent bond between Li and L 2 ; 
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L 1 and L 2 are each S; 
Xis R4R5N or H; 
Y is H, CONR1R2 or CO2R2; 
Ri and R 2 are H, Alk or (CH 2 )pAr; 
5 R3 and Rr are H, Alk, (CH 2 )pAr or taken together are -<CH 2 )4- or -(CH 2 ) 5 -; 

Rs to RuCO. R11OCO, R, .OWrfCO, RiiNHCH(Rn')CO, RnSCH^CO, RttSQ. or RuSO; 
R s is Alk, OAlk, halogen or X; 
R 7 is H, Alk, OAlk, halogen or Y; 
10 R 8 and Re- are H, Alk, (CH 2 ) p Ph, (CH 2 ) p Nph or taken together are -(CH 2 )*- or -(CH 2 )s-. 

R 9 is H, AlK or Y; 

o 10 anri R^are H Ci-«alkvl Ca-zcycloalkyl, Ar, Ar-Ci-salkyl, Ar-C a -7cycloalkyl; 

Sis Seny. oTphenyl iStuSd b/one ortwo C-saHcyl, trifluoromethyl. hydroxy, C-salkoxy or halogen 

75 groups; 
n is 1 or 2; 
q is 0 or 1 ; and 
pis 0, 1,2 or 3 

and pharmaceutical^ acceptable salts thereof, 
20 Provided that when n is 1 and Z, is X-Cys. X-Pen or X-APmp, Z 2 is not Cys-Y. Pen-Y or APmp-Y. 
which comprises, 

a) oxidatjvely cyclizing a compound of the formula: 



25 
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S-T 1 S-T 2 

I I 

Z i-A'-A- (B-Gly-Asp-Q) n -M-Z 2 

(ID 



wherein A A B. Q. M, Z,. Z 2 and n are as previously defined for formula (I), and V and are H, or 
oVnTeophiHca y eye zing a compound of formula (II) by treating with base, where-n A A, B, Q. M Z, 
IZT* are as previous* defined in claim 1. and one of V and T 2 is a displaceable group and the 

35 other is H. 

2. A process according to claim 1 in which Zi is 



40 




•co- 



45 



3. A process according to claim 1 in which in which Z 2 is 

•HN' 
so 

4. A process for preparing a compound of the formula: 
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( i 

Z !-A' -A- (B-Gly-Asp-Q) n -M-Z 2 

(V) 



wherein: 

r.' Hanuotiua tfiarnnf Dtc. TDr or Pro; 



rt IO CUOO II VI w ~ v. - — - 

Lvs or an o-R substituted derivative thereof, Dtc, Tpr or Pro; Heriv/atiufi 
B is a^D or L- amino acid chosen from Arg, HArg. (Me 2 )Arg, (Et 2 )Arg, Lys or an «-R substrtuted der.vat.ve 

S Tabsent or a D or L amino acid chosen from Tyr, (Alk)Tyr, Phe, (4W)Phe. HPhe, Phg. Pro. Trp, His, 
„ Ser! S£ m, WZ (Alk)Cys. (A.k)Pen. Ala, Val. Nva. Met. Leu. lie. Nie or Nal, or an «-R 



substituted derivative thereof; 
M is Gly or D or L Qlu. Phe, Pro. Lys, Ser or, provided n is 1. B-Gly-Glu-Q; 

W is halogen or Alk; 
R is Alk or PhCH 2 ; 



25 



30 



» „ --CC, £t . •>€&-. 



>L'- 
•CO- 



or 



R ,2 



3S Z2 is -HN 

jZ 

i2 



40 



-HN or 



wherein Z, and Z 2 are linked via a covalent bond between V and L 2 ; or Z, and Z 2 are. taken together, a 
Sent bond between the amino terminal residue and the carboxy terminal res.due; 
45 L 1 and L 2 are each (CH2) P ; 
XisFURsNor H; 
Yis H, CONRiR 2 orC0 2 R2; 
R, and R 2 are H, Alk or (CH 2 )pAr; 

R 3 and Rr are H. Alk, (CH 2 )pAr or taken together are -(CH 2 )*- or -(CH 2 ) 5 -, 
50 Z Is ft" ZcO. RuOCO. RnOCH(R 1t .)CO. RiiNHCH(Rn')CO, ft , SCH(ft,)CO, ft,S0 2 or ft ,SO; 
Re is Alk, OAlk, halogen or X; 

R 7 is H. Alk, OAlk, halogen or Y; /ph.w 
Ra and Re- are H, Alk. (CH 2 ) p Ph, (CH 2 ) p Nph or taken together are -(CH 2 K- or -(CHafc , 

55 Ra is H. Alk or Y; 
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groups; 
n is 1 or 2; 
q is 0 or 1 ; and 
p is 0, 1, 2 or 3 

s and pharmaceutical^ acceptable salts thereof; which compnses, 

i) cyclizing with a coupling reagent a compound of the formula: 

H-[Z 2 -Z, -A / -A-(B-Giy-Asp-Q-) n -M]-OH, 

when L 1 and L 2 are (CH 2 ) P ; or 

[A-A-(B-Gly-Asp-Q-) n -M]-OH 
io when Z^ and Z 2 are, together, a covaient bond; 

wherein H- and -OH represent the amino and carboxyl residues of any two adjacent residues in the 

cyclic peptide, and A, A, B, Q, M and n are as defined above with any reactrve groups optonally 

protected, and 

„ 5 . ; s^ssssrssrs * — • * <* «• - - - r ' — - — oi Ar » ■* 

HArg. , - 

6. A process according to claim 1-5 in which A and A are absent. 

7. A process according to claim 5 in which B is MeArg. 

8. A process according to claim 1 for preparing: 
20 cyclo(S,S)-Mba-Arg-G!y-Asp-Cys-NH 2 ; 

N a -Ac-cyclo(S,S)-Cys-Arg-Gly-Asp-Man; 

cycto(S,S)-Mba-MeArg-Gly-Asp-Man; 

cyclo(S,S)-Mba-MeArg-Gly-Asp-Pcs-NH 2 ; 

cyclo-(S,S)-Mba-Sar-Arg-Gty-Asp-Man; 
25 cyclo-(S,S)-Mba-Sar-MeArg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-Arg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-D-MeArg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-MeArg-Gly-Asp-N-Me-Man; 

N a Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp(2R,3S)Pcs-NH 2 ; 
30 N a Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asr>(2R,3R)Pcs-NH 2 ; 

N°Ac-cyclo-(S,S) Cys-Arg-GIy-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 ; 

N B Ac-cycio-(S,S)-Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Pen-NH 2 ; 

N«Ac-cyclo-(S.S) Cys-Arg-Gly-Asp-Ser-MeArg -Gly-Asp-Ser-Cys-NH 2 ; 

N«Ac-cycio-(S,S)-Cys-MeArg-Gly-Asp-Ser-Arg -Gly-Asp-Ser-Cys-NH 2 ; or 
35 N tt Ac-cyclo-(S,S)-Cys-Arg-Gly-Asp-Ser-Lys-Gly-Glu-Ser-Cys.NH 2 . 

9. A process according to claim 4 for preparing: 
cyclo-(1 a ,6 T )-Giy-Arg-Gly-Asp-Ser-Glu-NH 2 ; 
cycio(1 a ,6 Y )-Gly-MeArg-Gly-Asp-Ser-Glu-NH 2 ; 
cyclo-(1 ,8)-Arg-Gly-Asp-Phe-Arg-Giy-Asp-Phe; or 

compound according to claim 8 or 9 and a pharmaceutically acceptable earner oriiram „ t fer 

45 12 The use of a compound according to any one of claims 1-9 in the manufacture of a med.cament for the 

^a" use ^oS^JSSSi -y one of Calms 1-9 in the manufacture of a medicament for the 

rri"£^2S? rCone of * 1-9 H *e —re « a medicament for 

50 TZTol a compound according to any one of Calms 1-9 and a fibrinolytic agent in ^ manufacture 
ofa medSament for effecting thrombolysis and inhibiting reocc.usion of an artery or ve.n .n a mammal. 
16. A compound of the formula: 

55 
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s-t 1 s-r 

i i 

Zi-A'-A- (B-Gly-Asp-Q) n-M-Z 2 



(ID 



wherein: 

substituted derivative thereof; npluftlll . 0 , 
M is Gly or D or L Glu, Phe. Pro, Lys. Ser or, provided n is 1, B-Gly-Glu-Q, 
W is halogen or Aik; 
20 r is Alk or PhCH 2 ; 



25 



30 



35 



40 



Z 2 is -HN 



•L 2 ^ 



,L - 

co- 



-HN-1 J d" R 7 




45 wherein Zi and Z 2 are linked via a covalent bond between L 1 and L 2 ; 
L 1 and L 2 are S; 

T is hydrogen or a displaceable group; 
XisFURsNor H; 
Yis H, CONRiR 2 or CO2R2; 
50 R1 and R 2 are H, Alk or (CH 2 )pAr; 

FU and R 3 < are H, Alk, (CH 2 )pAr or taken together are -(CH 2 )*- or -(CH 2 )s , 

£ Is Z**CO. RuOCO, RnOCH^JCO. RuNHCH^CO. R„ SCHICK). RuS0 2 or RuSO; 
R 6 is Alk, OAlk, halogen or X; 
55 R 7 is H, Alk. OAik. halogen or Y; /rH v c .. 
R, and Rr are H, Alk, (CH 2 ) p Ph, (CH 2 ) p Nph or taken together are -(CH 2 )*- or -(CH 2 )s . 

R 9 is H, Alk or Y; 
R,o is H or Alk; 
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R„ and Riv are H, Ci- 5 alkyl, C 3 -7cycloalkyl. Ar, Ar-d -salkyl, Ar-C 3 -7cyc!oa1kyl; 
Ar is phenyl or phenyl substituted by one or two C, -salkyl, trifluorom thy!, hydroxy, Ci-salkoxy or halogen 
groups; 
n is 1 or 2; 
5 q is 0 or 1 ; and 
p is 0, 1, 2 or 3 

and pharmaceutical^ active salts thereof; 

provided that when n is 1 and Z^ is X-Cys. X-Pen or X-APmp, Z 2 is not Cys-Y, Pen-Y or APmp-Y. 
10 Claims for the following Contracting State: ES 
1. A process for preparing a compound of formula: 



75 Z i-A ' -A- (B-Gly-Asp-Q) n "M-Z 2 

(I) 



20 

wherein: 

A is absent, Asn, Gin, Ala or Abu; 

A is absent or a D- or L- amino acid chosen from Arg, HArg, NArg. (Me 2 )Arg, (Et 2 )Arg, Abu, Ala, Gly. H.s, 
Lys, or an a-R substituted derivative thereof, Dtc. Tpr or Pro; . ... 

B is a D- or L- amino acid chosen from Arg, HArg, (Me 2 )Arg, (Et 2 )Arg, Lys or an a-R substituted denvat.ve 

STs^bsent or a D or L amino acid chosen from Tyr, (Alk)Tyr, Phe, (4 W)Phe, HPhe, Phg Pro, Trp, His, 
Ser, (Alk)Ser, Thr, (Alk)Thr, (Alk)Cys, (Alk)Pen, Ala, Val. Nva, Met, Leu, He, Nle or Nal, or an *-R 
substituted derivative thereof; 

M is Gly or D or L Glu, Phe, Pro, Lys, Ser or, provided n is 1, B-Gly-Glu-Q; 
W is halogen or Alk; 
R is Alk or PhCH 2 ; 



25 



30 




wherein Zi and Z 2 are linked via a covalent bond between L 1 and L 2 ; 
L 1 and L 2 are each S; 
XisR4R 5 Nor H; 
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Yis H, CONR1R2 or CO2R2; 

R1 and R2 ar H, Alk or (CH 2 )pAr; 

R 3 and R 3 - are H. Alk. (CH 2 )pAr or taken together are -(CH 2 )*- or -(CH 2 )s-; 
R4 is H or Alk; 

5 R 5 is R ir R11CO, RuOCO, RuOCH(R ir )CO. RnNHCH(Riv)CO, Rt,SCH(R,r)CO. RhS0 2 or R11SO; 
Rs is Alk, OAlk, halogen or X; 
R 7 is H, Alk, OAlk, halogen or Y; 

Rs and Rr are H, Alk, (CH 2 ) p Ph, (CH 2 ) p Nph or taken together are -(CH 2 )*- or -(CH 2 ) 5 -; 
R 9 is H, Alk or Y; 
10 RioisHorAlk; 

Rn and R,r are H, Ci- 5 alkyl, Ca-zcycloalkyl, Ar, Ar-Ci- 5 alkyl, Ar-C 3 -7cycloalkyl; 
Ar is phenyl or phenyl substituted by one or two Ci-salkyl, trifluoromethyl, hydroxy, Ci-salkoxy or halogen 
groups; 
n is 1 or 2; 
75 qis0or1;and 
pis 0.1. 2 or 3 

and pharmaceutical^ acceptable salts thereof; 

provided that when n is 1 and Z1 is X-Cys, X-Pen or X-APmp, Z 2 is not Cys-Y, Pen-Y or APmp-Y; 
which comprises, 
20 a) oxidatively cyclizing a compound of the formula: 



so wherein A, A, B, Q, M, Zi , Z 2 and n are as previously defined for formula (I), and V and T 2 are H, or 

b) nucleophilically cyclizing a compound of formula (II) by treating with base, wherein A , A, B, Q, M, Z^, 
Z 2 and n areas previously defined in claim 1, and one of V and T 2 is a displaceable group and the other 
is H. 

2. A process according to claim 1 in which Z^ is 

35 




25 



Zx-A'-A- (B-Gly-Asp-Q) n -M-Z 2 



(ID 




40 



3. A process according to claim 1 in which in which Z 2 is 



45 




50 



4. A process for preparing a compound of the formula: 




55 



(V) 
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. wherein: 
a' is absent, Asn, Gin, Ala or Abu; 

A is absent or a D- or L- amino acid chosen from Arg, HArg, NArg, (Me 2 )Arg. (Et 2 )Arg, Abu. Ala, Gly, His, 
Lys, or an a-R substituted derivative thereof, Dtc, Tpr or Pro; 
5 B is a D- or L- amino acid chosen from Arg, HArg, (Me^Arg, (Et2)Arg, Lys or an «-R substituted denvat.ve 

STabsent or a D or L amino acid chosen from Tyr, (Alk)Tyr, Phe. <4W)Phe, HPhe, Phg, Pro. Trp, His. 
Ser, (Alk)Ser, Thr, (Alk)Thr, (Alk)Cys, (Alk)Pen, Ala, Val. Nva, Met, Leu. He, Nle or Nal, or an a-R 
substituted derivative thereof, 
70 M is Gly or D or L Glu, Phe, Pro, Lys, Ser or, provided n Is 1, B-Gly-Glu-Q; 
W is halogen or Alk; 
R is Alk or PhCH 2 ; 




wherein Z, and Z 2 are linked via a covalent bond between L 1 and L*; or Z^ and Z 2 are, taken together, a 
covalent bond between the amino terminal residue and the carboxy terminal residue; 
L 1 and L 2 are each (CH2) P ; 
Xis R*R 5 Nor H; 
40 Y is H, CONRi R 2 or C0 2 R 2 ; 

R1 and R 2 are H, Alk or (CH 2 )pAr; 

R 3 and R 3 - are H. Alk, (CH 2 )pAr or taken together are -(CH 2 ) 4 - or -(CH 2 )s-; 

Ra is H or Alk; n ra 0 ^ 

Rs is R11. R11CO, RuOCO, RnOCHfRn-JCO, RiiNHCH(R ir )CO, RnSCHfRnOCO, RnS0 2 or RuSO; 

45 Re is Alk, OAlk, halogen or X; 
R 7 is H, Alk, OAlk, halogen or Y; 

Ra and R r are H. Alk, (CH 2 ) p Ph, (CH 2 ) p Nph or taken together are -(CH 2 )*- or -(CH 2 ) 5 -; 
R 9 is H, Alk or Y; 
Rio is Hor Alk; 

50 R1 1 and R 1V are H, C1 -salkyl, Ca-ycycioaikyl, Ar, Ar-Ci -salkyl. Ar-C 3 - 7 cycloalkyl; 

Ar is phenyl or phenyl substituted by one or two C1 -salkyl, trifluoromethyl, hydroxy, Ci- 5 alkoxy or halogen 

groups; 

n is 1 or 2; 

q is 0 or 1; and 
56 pis 0.1, 2 or 3 

and pharmaceutical^ acceptable salts thereof; 

which comprises, 

i) cyclizing with a coupling reagent a compound of the formula: 
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H-[Z 2 -Zi-A'-A-(B-Gly-Asp-Q-)n-M]-OH, 
when L 1 and L 2 are (CH 2 ) P ; or 
[A'-A-{B-Gly-Asp-O) n -M>0H 
when Zi and Z2 are, together, a covalent bond; 
5 wherein H- and -OH represent the amino and carboxyl residues of any two adjacent residues in the 
cyclic peptide, and A, A, B, Q, M and n are as defined above with. any reactive groups optionally 
protected, and 

ii) removing any protecting groups. 

5. A process according to claim 1-4 in which B is Arg, HArg or an a-R substituted derivative of Arg or 
10 HArg. 

6. A process according to claim 1-5 in which A and A are absent. 

7. A process according to claim 5 in which B is MeArg. 

8. A process according to claim 1 for preparing a compound which is: 
cyclo (S,S)-Mba-Arg-Gly-Asp-Cys-NH 2 ; 

15 N°-Ac-cyclo(S,S)-Cys-Arg-Gly-Asp-Man; 

cyc!o(S,S)-Mba-MeArg-Gly-Asp-Man; 

cyclo(S,S)-Mba-MeArg-Gly-Asp-Pcs-NH 2 ; 

cyclo-(S,S)-Mba-Sar-Arg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-Sar-MeArg-Gly-Asp-Man; 
20 cyclc-(S,S)-Mba-Arg-Gly-Asp-Man; 

cyclo-(S,S)-Mba-D-MeArg-GIy-Asp-Man; 

cyclo-(S,S)-Mba-MeArg-Giy-Asp-N-Me-Man; 

N a Ac-cyclo-(S f S)-Cys-MeArg-Gly-Asp-(2R,3S)Pcs-NH 2 ; 

N a Ac-cyclo-(S,S)-Cys-MeArg-Gly-Asp-(2R t 3R)Pcs-NH 2 ; 
25 N°Ac-cyclo-(S,S) Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Cys-NH 2 ; 

N fl Ac-cyclc-(S,S)-Cys-Arg-Gly-Asp-Ser-Arg-Gly-Asp-Ser-Pen-NH 2 ; 

N a Ac-cyclo-(S,S) Cys-Arg-Gly-Asp-Ser-MeArg -Gly-Asp-Ser-Cys-NH 2 ; 

N a Ac-cycIo-(S,S)-Cys-MeArg-Gly-Asp-Ser-Arg -Gly-Asp-Ser-Cys-NH 2 ; or 

N a Ac-cycio-(S,S)-Cys-Arg-Gly-Asp-Ser-Lys-Gly-Glu-Ser-Cys-NH 2 . 
30 9. A process according to claim 4 for preparing a compound which is: 

cyclo-(1 a ,6 1f )-GJy-Arg-Gly-Asp-Ser-Glu-NH 2 ; 

cyclo(1 a ,6 7 )-Gly-lv1eArg-Gly-Asp-Ser-Glu-NH 2 ; 

cyclo-(1 ,8)-Arg-Gly-Asp-Phe-Arg-G!y-Asp-Phe; or 

cyclo-(1 ,8)-MeArg-Gly-Asp-Phe-Arg-Gly-Asp-Phe. 
35 10. A process for preparing a pharmaceutical composition which comprises bringing into association a 

compound according to claim 1 or 4 and a pharmaceutical^ acceptable carrier. 

11. A process for preparing a pharmaceutical composition which comprises bringing into association a 
compound according to claim 8 or 9 and a pharmaceutical^ acceptable carrier. 

12. The use of a compound according to any one of claims 1-9 in the manufacture of a medicament for the 
40 treatment of acute myocardial infarction. 

13. The use of a compound according to any one of claims 1-9 in the manufacture of a medicament for the 
treatment of stroke or transient ischemia attacks. 

14. The use of a compound according to any one of claims 1-9 in the manufacture of a medicament for 
treating unstable angina. 

45 15. The use of a compound according to any one of claims 1-9 and a fibrinolytic agent in the manufacture 
of a medicament for effecting thrombolysis and inhibiting reocclusion of an artery or vein in a mammal. 
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